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the Origin of the Elements

Christopher A Tout ZEERIFTAS

Stars are the source of all elements heavier than and including carbon. To
understand which stars yield which elements and when we must first understand the
structure and evolution of stars. Much of this understanding grew over the course of
the twentieth century led by increasingly better and systematic observation and
subsequently by growing computational power. Elements up to the iron peak are
created during fusion reactions that power the stars themselves and are dispersed
when they die in spectacular supernovae. Even while a quantitative study of stellar
evolution was beginning in the 1950s it was realized that heavier elements must be
formed by neutron capture processes. It is only now in the twenty-first century that we
begin to understand the details of how multiple nuclear burning shells and mixing
during the late stages of the lives of some stars and the merging of binary neutron
stars actually produces elements heavier than iron and distributes them through our
Galaxy.
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up to thousands of baselines. Using this algorithm, the monopole of both
foreground and the 21 cm signal can be correctly recovered in a broad range of
conditions. We find that a 3D baseline distribution can have much better performance
than a 2D (planar) baseline distribution, particularly when there is a lack of shorter
baselines. We simulate for ground-based 2D and 3D array configurations, and a
cross-shaped space array located at the Sun-Earth L2 point that can form 3D baselines
through orbital precession. In all simulations we obtain good recovered global
spectrum, and successfully extract the 21 cm signal from it, with reasonable number
of antennas and observation time.
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The classification of the radio source 0954+556 has been a debate in previous
studies, as it exhibits properties of both a blazar and a young radio galaxy. It possesses
some unique characteristics, such as being exceptionally bright in gamma rays,
showing no variability in both the radio and gamma-ray bands, and featuring a
significant bend in its jets from kiloparsec to parsec scales. We have collected our
VLBA observations of this source from 1.7 to 43GHz over the past 20 years, as well
as VLA observations from 1.7 to 22GHz, and some archival data. Spectral age
analysis reveals it is an intermittent jet that undergone at least three episodes, with the
intermittent activity causing the bent jet, i.e., an east-west orientation on kiloparsec
scale and a north-south orientation on parsec scale. Polarization observations from
VLBA and spectral index map indicate the recent outburst has produced a bow shock
due to interaction with the interstellar medium. In addition, its flux increases from 22
to 86GHz, resulting in an explanation that it is in  a new phase of outburst.

Detecting Cosmic 21 cm Global Signal Using an

Improved Polynomial Fitting Algorithm
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FAST reveals new evidence for M94 as a merger
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We report the first high-sensitivity HI observation toward the spiral galaxy M94
with the Five-hundred-meter Aperture Spherical radio Telescope (FAST). From these
observations, we discovered that M94 has a very extended HI disk, twice larger than
that observed by THINGS, which is accompanied by an HI filament and seven HVCs
(high velocity clouds) at different distances. The projected distances of these clouds
and filament are less than 50 kpc from the galactic center. We measured a total
integrated flux (including all clouds/filament) of 127.3 (1) Jy km s—1, corresponding
to a H | mass of (6.5140.06)><10"8M® , which is 63.0% more than that observed by
THINGS. By comparing numerical simulations with the HI maps and the optical
morphology of M94, we suggest that M94 is likely a remnant of a major merger of
two galaxies, and the HVCs and HI filament could be the tidal features originated
from the first collision of the merger happened about 5 Gyr ago. Furthermore, we
found a seemingly isolated HI cloud at a projection distance of 109 kpc without any
optical counterpart detected. We discussed the possibilities of the origin of this cloud,
such as dark dwarf galaxy and RELHIC (REionization-Limited HI Cloud). Our results
demonstrate that high-sensitivity and wide-field HI imaging is important in revealing
the diffuse cold gas structures and tidal debris which is crucial to understanding the
dynamical evolution of galaxies.

A tale of two black hole images of M87
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Due to its proximity and large black hole mass, the nearby radio galaxy M87 is a
prime target for high-resolution imaging studies of AGN central engines. Event
Horizon Telescope (EHT) observations of M87 at a wavelength of 1.3 mm have
imaged the black hole shadow in M87, providing strong evidence for the presence
of supermassive black holes. In this talk, we will report on the first VLBI images of
M87 obtained with the Global Millimeter VLBI Array in conjunction with the phased
ALMA and the Greenland Telescope at a wavelength of 3.5 mm. With these
observations, we have independently obtained an image of the black hole shadow at a



wavelength different from that of the EHT. We show that the ring-like structure is
dominated by the accretion flow around the black hole, and how it is connected to

the jet on event horizon scales.

Evolution of magnetic field of the Quasar 1604+159

at pcscale
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We report a study of the spectral index, linear polarization, and RM distributions
at pc scale for the quasar 1604+159.

The source were observed at 5.0, 8.4, and 15.4 GHz in 2002, and 4.6, 5.1, 6.0,
7.8,12.2,15.2, and 43.9 GHz in 2020 .

Combining with the MOJAVE polarization results at 15 GHz from 2009 to 2013,
we study the evolution of the magnetic field in the jet and the core.

Polarized emission detected in the jet of the two epochs we observed are
centered in bright, compact jet features.

The EVPASs in the jet of have large separation of 50 deg. from the jet direction,
different from the MOJAVE results in which the jet EVPASs orient basically along
with the jet direction.

The spectral of the compact features detected along the jet ridge are flatter than
the mean spectral index for the quasar population obtained by MOJAVE.

These results support existence of oblique shocks in the jet, obliquing the
magnetic field orientation.

We find the EVPASs in the core at 15 GHz observed in 2020 has smooth change
from normal to along to the jet direction.

We have constructed RM distribution for the two observations.

We find the rotation of EVPASs in the core observed in 2002 could be explained
by a external screen, while the rotation observed in 2020 originate from internal.

The core |RM]| increases with frequency follow a power law with index a = 2.9,
suggesting a fast electron density fall-off in the medium with distance from the jet
base.
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According to cosmological theory and simulations, during the process of galaxy
merging, the supermassive black hole at the center of the galaxy should also merge. In
the early stage of merging, the kpc-scale dual AGN will be formed. Further, the
pc-scale supermassive binary black hole system will be formed, and eventually the



merging of binary black hole will be realized. Studying the emission characteristics of
dual AGNs is of great significance for understanding the early stage of galaxy
merging and evolution. Previously, Fu Hai et al. used SDSS data and VLA
observations to identify four dual AGN samples located in the SDSS Stripe 82 region
(S005114, S220635, S223222, S230010). We used the VLBA telescope to conduct
high-resolution imaging of the eight components of the four dual AGNs, and studied
their radio emission characteristics such as structure, flux density, brightness
temperature and emission power, and infer their radiation mechanism. The results
showed that we detected two dual AGNs each with a compact nuclear structure
(S005114B and S230010A), with a flux density exceeding half of the observed flux
density under VLA. This means that these two components are quite compact, so we
believe that the source of their radio emission is mainly the weak jet generated by
black hole accretion, and may be accompanied by other radiation mechanisms such as
star formation. The other six components have no obvious nuclear structure detected,
and their radio emission is relatively extended, which may mainly come from star

formation or gas outflow/wind.
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A Study on the Intrinsic Energy Distribution and
Spectrum-Energy Relation of the Repeating Fast Radio
Bursts
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A Study on the Intrinsic Energy Distribution and Spectrum-Energy Relation of
the Repeating Fast Radio Bursts.



A single-pulse study of newly discovered CRAFTS
pulsar PSR J1239+0326
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Pre-glitch Emission Variations in PSR J0742-2822
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Among all the known pulsars to have an association between the emission state
change and the glitch, the emission state changes soon after the glitch or a couple of
rotating periods prior to the glitch. A widely accepted interpretation is that glitches
can induce the change of pulsar magnetosphere and hence emission. However, in this
work, we have identified the pre-glitch emission state change at a confidence of
99.9992(3)% (4.5 sigma) for the first time by analyzing the archived observations of
PSR J0742-2822 over the past 20 years. It is not expected within the framework of a
sudden release of accumulated angular momentum/energy and sheds an entirely new
light on the mechanisms responsible for both emission variations and glitches.
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The Statistical Polarization Properties of Coherent
Curvature Radiation by Bunches: Application to Fast

Radio Burst Repeaters
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FAST Galactic Plane Pulsar Snapshot survey:

Progress
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Highly sensitive observations of spider pulsars with

FAST
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Black widows are millisecond pulsars ablating their companions. The material
blown from the companion blocks the radio emission, resulting in radio eclipses. The
properties of the eclipse medium are poorly understood. Here, we present direct
evidence of the existence of magnetic fields in the eclipse medium of the black widow
PSR J2051$-$0827 using observations made with the Five-hundred-meter Aperture
Spherical radio Telescope (FAST). We detect a regular decrease in rotation measure
(RM) in the egress of eclipse, changing from $60\\rm rad\,m”~{-2}$ to $-28.7\,\\rm
rad\,m"{-2}$. The RM gradually changes back to normal when the line-of-sight
moves away from the eclipse. The estimated line-of-sight magnetic field strength in
the eclipse medium is $\sim 0.1$\,G. The RM reversal could be caused by a change of
the magnetic field strength along the line of sight due to binary orbital motion. The
RM reversal phenomenon has also been observed in some repeating fast radio bursts
(FRBs), and the study of spider pulsars may provide additional information about the
origin of FRBs.

A multi-band study of pulsar glitches with Fermi-Lat

and Parkes
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Pulsar glitch is a rare and strange phenomenon, which means that the rotation
frequency of a few pulsars suddenly increases in a short time. The phenomenon was
first discovered in 1969, and nearly 700 glitch events have been detected in 209
pulsars so far. We combine the timing data of Fermi-LAT and Parkes 64-meter radio
telescope for more than 13 years to study the glitch events of six young pulsar. We
detected a total of 17 glitches in PSRs J1028-5819, J1048-5834, J1420-6048,
J1709-4429, and J1718-3825, including two new glitch events. A new small glitch is
identified at MJD 56985(9) in PSR J1048-5834, which is currently the smallest one
since it has been discovered, with a glitch size is Av ~ 1.9(4) x 10"—8 Hz. Meanwhile,
in the radio band, we found that the shape of the integrated pulse profile of PSR
J1048-5834 changed after two glitches. The pulse width at the 55% intensity level
(W55) of the mean pulse profile exhibits two modes: wide and narrow modes, and the
W55 of narrow mode shows a jump after glitch 7. Unfortunately, no evidence for a
correlation between the spin-down rate evolution and w55 has been found. Finally,



we also studied the pulse profile and flux density in the gamma-ray band, but found
no variation.

Investigation of emission states of PSR J1722-3207

e FEERXA

We have conducted a detailed study of the single-pulse emission from the
phase-stationary non-drift amplitude modulation observed in PSR J1722-3207 at
1369 MHz using the Parkes 64m radio telescope. Our findings reveal that this pulsar
exhibits two distinct emission states: a periodic state of switching between a strong

and weak region labeled as "I, and a consistently weak state in region "II". We have
conducted an investigation into the polarization properties of both the strong and
weak states. Considering the similarity with mode changes, we argue that PSR
J1722-3207 demonstrates periodic mode-changing through amplitude modulation.
Fluction spectral analysis indicates a very short modulation period of approximately
2.0 seconds or 20P1, where P1 represents the rotation period of the pulsar. Currently,
explaining the phenomenon of periodic amplitude modulation of pulsars remains

challenging with existing models.

Follow-up timing of 24 pulsars discovered in

Commensal Radio Astronomy FAST Survey

RRE  PERIFERFERNES

The follow-up timing observations were carried out for 24 pulsars discovered
with the Five-hundred-meter Aperture Spherical radio Telescope (FAST) in
Commensal Radio Astronomy FAST Survey (CRAFTS). We report their
phase-connected timing ephemeris, polarization pulse profiles and Faraday rotation
measurements. With their spin periods spanning from 2.995 ms to 4.34 s, their period
derivative were determined to spread between 7.996*10"(—21) s/s to 9.83*10"(—15)
s/s, which imply that they have characteristic ages from 1.97*10"6 yr to 5.93*10"9
yr. Some of these new pulsars found by FAST are distant, dim, and low E-dot ones

and are suitable for testing pulsar emission theories.
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Constraining the orbital inclination and companion

properties of black widow pulsars detected by FAST

Black widows (BWs) are millisecond pulsars ablating their companion stars. The
out-flowing material from the companion can block the radio emission of the pulsar,
resulting in eclipses.

In this paper, we construct a model for the radio eclipse by calculating the
geometry of the bow shock between the winds of the pulsar and companion, where
the shock shapes the eclipsing medium but had not been described in detail in
previous works. The model is further used to explain the variations of the flux density
and dispersion measure (DM) of three BW pulsars (i.e., PSR B1957$+$20,
J2055%$+$3829, and J2051$-$0827) detected by the Five-hundred-meter Aperture
Spherical radio Telescope (FAST).

Consequently, we constrained the parameters of the three BW systems such as
the inclination angles and true anomalies of the observer as well as the mass-loss rates
and wind velocity of the companion stars. With the help of these constraints, it is
expected that magnetic fields of companion stars and even masses of pulsars could
further be determined as some extra observation can be achieved in the future.

Numerical study of core formation along gas
filaments in molecular clouds
L HERYE
Filamentary structures have been found at almost all size scales in the Galaxy.

Massive filamentary dark clouds of a few parsecs to more than 10 parsec long are
commonly found inside giant molecular clouds (GMCs) (e.g., Bergin & Tafalla 2007,



Andre et al. 2014). High resolution observations also reveal large number of thinner
(~ 0.1 pc) and shorter filamentary substructures (< 1 pc) inside molecular clouds, even
in the long and slender filamentary dark clouds (Hacar et al. 2013). Cores are found
located along some of the filamentary substructures (e.g., Tafalla and Hacar 2015).
Observationally, it is unclear on the formation of filamentary substructures and how
exactly these substructures fragment into cores. Theoretical studies of the stability
of filamentary structures (e.g., Nagasawa 1987, Inutsuka & Miyama 1992, Fiege &
Pudritz 2000, Fischera & Martin 2012) show that fragmentation of isothermal
cylindrical filament will happen at the wavelengths of the maximum instability
growing mode. Separation of cores depends on whether the magnetic field is present
and the field structures in terms of the ratio of toroidal/poloidal field components.
However, the observed results do not match the predictions based on highly simplified
models well. Some observed cores are even separated by about the FWHM of the
filament, like the chain of pearls on a string (e.g., Men’shchikov et al. 2010,
Arzoumanian et al. 2011, Tafalla and Hacar 2015).  For molecular clouds crowded
with filamentary substructures, frequent collisions among and merging of filaments
also can induce fragmentation to the marginally stable filamentary substructures.
Our high-resolution numerical simulation (Li et al. 2019) have shown that moderately
strong magnetic field are critical in ensuring long term survival of long filamentary
molecular clouds and the formation of filamentary substructures. In this presentation,
| shall demonstrate the formation processes of the filamentary substructures, how
these small structures come together to form a filamentary molecular cloud, and how

cores would form along the substructures using our simulation.
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Advances in Chemical Models for Prebiotic Molecules:

Investigating Cyanamide and Its Isomers in the ISM

SKEE  PERIFERIERNE

Prebiotic molecules are the building blocks of life, or the raw materials from
which these building blocks formed, and are believed to have been delivered to Earth
by comet-like objects. These molecules can develop within stars or planets and have
played a critical role in the origin of life on Earth. Cyanamide (NH2CN) and its
isomer carbodiimide (HNCNH) are significant prebiotic molecules found in the
interstellar medium. They can undergo a series of chemical reactions to form adenine
nucleobases, which are a crucial component of the genetic material RNA and DNA.

We outline a chemical reaction network for cyanamide and its isomers using
theoretical chemical research and apply the three-phase NAUTILUS chemical code to
simulate the formation and destruction of cyanamide and carbodiimide in various
interstellar physical environments which include cold core, hot corino/core, and shock
models. According to our findings, cyanamide and carbodiimide are mainly produced
through free radical reactions on grain surfaces. Additionally, we suggest that surface
chemistry contributes to the early evolutionary stages of these molecules, which are
then released back into the gas phase and observed.
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Astronomy in Chile

Guido Garay BRKERXR

The Atacama desert in the north of Chile, with its pristine skies and low levels of
humidity, offers the best conditions for astronomical observations in the world.
During the late sixties, astronomical institutions of United States and Europe
recognized these privileged conditions leading to the construction of three
observatories hosting optical telescopes up to 4m in diameter: Cerro Tololo, La Silla
and Las Campanas. At the turn of the century, a new generation of giant 8m class
optical/infrared telescopes was constructed: the Very Large Telescope, the Magellan
Telescopes and Gemini South. In 2012, the most powerful sub-millimeter telescope
on Earth, ALMA, started operations. In the near future an astonishing generation of



mega-telescopes will start operations: The Vera Rubin Observatory, the Large
European Telescope and the Giant Magellan Telescope. By the middle of this decade,
Chile will host 70% of all the astronomical observation capacity in the world.

Also during the late sixties, the Chilean government established a policy granting
foreign Astronomy Institutions status of International Organization, to install
telescopes under duty-free importation rights. In return they asked guaranteed access
to 10% of the observing time to Chilean astronomers. This has led to a remarkable
development of astronomy in Chile during the last 60 years: (i) Chilean astronomers
have been able to perform frontier research in several topics of astrophysics, (ii) The
number of universities performing research in astrophysics increased from 2 to
currently 23, spread across the country. Eleven of these offer Ph.D. and M.Sc.
programs open to students from all over the world; (iii) the human resources
devoted to astrophysics (researchers, postdocs and graduate students) has grown by a
factor of 10.

Finally, a strong and fruitful research collaboration between Chinese and Chilean
astronomers started 10 years ago with the installation in Santiago of the Chinese
Academy of Science South America Center for Astronomy, which provides funds for
Joint Research projects and Postdoctoral Fellowships.
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From ashes to assemble: a dynamic view of massive

protocluster formation and evolution

VRIS L BTAS RS SRR

The ALMA Survey of Star Formation and Evolution in Massive Protoclusters
with Blue Profiles (ASSEMBLE) aims to investigate the process of mass assembly
and its connection to high-mass star formation theories in protoclusters in a dynamic
view. We observed 11 massive (Mclump>1000 Msun), luminous (Lbol>10,000 Lsun),
and blue-profile (infall signature) clumps by ALMA with a resolution of 2200-5500
au at 350 GHz (870 um) in continuum and line emission. 248 dense cores were
identified, including 142 prestellar core candidates and 106 cores showing protostellar
signatures. Compared to early-stage infrared dark clouds (IRDCs), the core mass and
surface density within the ASSEMBLE clumps exhibited significant enhancement,
suggesting concurrent core accretion during the evolution of the clumps. The
maximum mass of prestellar cores was 2 times larger than that in IRDCs, indicating
evolved protoclusters have the potential to harbor massive prestellar cores. The mass
relation between clumps and their most massive core (MMCs) is observed in
ASSEMBLE but not in ASHES, which is suggested to be regulated by continuous
mass accretion. The mass correlation between core clusters and their MMCs has a
steeper slope compared to that observed in stellar clusters, which can be due to the
fragmentation of the MMC and stellar multiplicity. We observed a decrease in core
separation and an increase in central concentration as protoclusters evolve, which can
be explained by gravitational contraction. We confirm primordial mass segregation in
the ASSEMBLE protoclusters, possibly resulting from gravitational concentration
and/or gas accretion.



The Intensity of the Diffuse Galactic Emission

Reflected by the Meteor Trail

R F LiBRXNA

We calculate the reflection of the diffuse galactic emission by the meteor trails
and investigate its potential relationship to the Meteor Radio Afterglow (MRA). The
formula to calculate the reflection of diffuse galactic emission is derived from a
simplified case, assuming that the signals are mirrored by the cylindrical over-dense
ionization trail of meteors. The overall observed reflection is simulated through a ray
tracing algorithm together with the diffuse galactic emission modeled by the GSM sky
model. We demonstrate that the spectrum of the reflected signal is broadband and
follows a power law with a negative spectral index of around -1.3. The intensity of the
reflected signal varies with local sidereal time and the brightness of the meteor and
can reach 2000 Jy. These results agree with some previous observations of MRAs.
Therefore, we think the reflection of galactic emission by meteor trails can be a
possible mechanism causing MRAS, which is worthy of further research.
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The global 21 c¢cm signal originating from cosmic hydrogen is regarded as one of
the most promising tools to study the early Universe. Detecting this signal holds the
potential to unveil crucial insights into the first stars, the nature of dark matter, and
early structure formation. In our investigation, we delve into the combined impact of
the ionosphere and antenna beam on this significant cosmic signal. Research has
demonstrated that during calm nights in the ionosphere, the impact of the ionosphere
on the global average spectrum is relatively smooth. While the additional
microstructure and frequency-dependent changes of the beam may introduce
contamination to the average spectrum, both effects can be effectively described and



accounted for through the application of log-polynomials.
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Simulation of RFI cancellation using Subspace

Projection Algorithm for PAF
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Fast radio burst generated by coherent curvature

radiation from compressed bunches for FRB 20190520B

=S FEMNZERERAXEG

The radiation mechanism of fast radio bursts (FRBsS) has been extensively
studied but still remains elusive. Coherent radiation and charged bunches are
considered essential elements in the FRB mecha- nism. In this work, we develop an
ideal model based on the framework of coherent curvature radiation and the
magnetized neutron star like a magnetar, considering the Kinetic energy loss of
outflow par- ticles due to the inverse Compton scattering (ICS) caused by soft
photons in the magnetosphere. By introducing the ICS deceleration mechanism of
particles, the compression effect on the particle number density in a magnetic
tube/family may be achieved, enabling the attainment of the necessary size for
coherent radiation in the radial direction. This process facilitates the dynamic
formation of bunches that can emit coherent curvature radiation along the curved
magnetic field. We apply this model to FRB 20190520B, one of the most active
repeating FRBs discovered and monitored by FAST, explaining its basic
characteristics and frequency downward drifting. In particular, this model may also
explain the position of bright spots in the dynamic spectral diagram.
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Steady accretion from global collapse to core

feeding in massive hub-filament system SDC335

VRIS JLBUA SRR S SRR

We present ALMA Band-3/7 observations towards “the Heart" of a massive
hub-filament system (HFS) SDC335, to investigate its fragmentation and accretion. At
a resolution of ~0.03 pc, 3 mm continuum emission resolves two massive dense cores
MM1 and MM2, with 383 Msun (10--24% mass of "the Heart") and 74 Msun,
respectively. With a resolution down to $0.01$\,pc, 0.87 mm continuum emission
shows MM1 further fragments into six condensations, and multi-transition lines of
H2CS provide temperature estimation. The relation between separation and mass of
condensations at a scale of 0.01 pc favors turbulent Jeans fragmentation where the
turbulence seems to be scale-free rather than scale-dependent. We use the H13CO+
(1-0) emission line to resolve the complex gas motion inside "the Heart" in
position-position-velocity space. We identify four major gas streams connected to
large-scale filaments, inheriting the anti-clockwise spiral pattern. Along these streams,
gas feed the central massive core MM1. Assuming an inclination angle of 45 deg and
a H13CO+ abundance of 5(3)x10-11, the total mass infall rate is estimated to be
2.4(0.78)x10-3 Msun/yr, numerically consistent with the accretion rates derived from
the clump-scale spherical infall model and the core-scale outflows. The consistency
suggests a continuous, near steady-state, and efficient accretion from global collapse,
therefore ensuring core feeding. Our comprehensive study of SDC335 showcases the
detailed gas kinematics in a prototypical massive infalling clump and calls for further
systematic and statistical studies in a large sample.
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3D Global Simulations of Accretion onto
Gap-opening Plants

ZF FERZRE LB S

We perform a series of 3D simulations to study the accretion of giant planet



embedded in protoplanetary discs (PPDs) over gap-opening timescales. We find that
the accretion mass flux mainly comes from the intermediate latitude above the disc
midplane. The circumplanetary disc (CPD) for a super-thermal planet is
rotation-supported up to $\sim$20-30\% of the planet Hill radius. While both mass
inflow and outflow exists in the CPD midplane, the overall trend is an outflow that
forms a meridional circulation with high-lattitude inflows.

We confirm the absence of accretion outburst from disc eccentricity excited by
massive planets in our 3D simulations, contrary to the consensus of previous 2D
simulations.

This suggests the necessity of 3D simulations of accretion even for
super-Jupiters. The accretion rates of planets measured in steady-state can be
decomposed into the ““geometric factor" and the ""gap-opening factor".

Through extensive parameter survey, we identify a power-law scaling for the
geometric factor $\propto g_{\rm th}*{2/3}$ for super-thermal planets ($g_{\rm
th}$ being the thermal mass ratio), which transforms to $\propto g_{\rm th}*{2}$ for
less massive cases. Additionally, by adopting self-consistent prescription for the
gap-opening factor, we conclude a comprehensive formula for the accretion rate. We
have applied our simulations results to accreting protoplanet system PDS 70 and can
satisfactorily explain the accretion rate and CPD size in observations.

The possible application in the accretion of stellar-mass black holes embedded in

active galactic nuclei discs is briefly discussed.

An Alternative Formation Scenario for Uranium-rich

Giants: Engulfing an Earth-like Planet
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Many studies have analyzed planetary occurrence rates and their dependence on



the host’s properties to provide clues to planetformation, but few have focused on the
mutual occurrence ratio of different kinds of planets. Such relations reveal
whetherand how one type of planet evolves into another, e.g. from a cold Jupiter to a
warm or even hot Jupiter, and demonstrate howstellar properties impact the evolution
history of planetary systems. The formation processes of WJ and HJ may be
dominated by orbital change mechanisms rather thanthe in-situ model. However,
unlike WJ, which favors gentle disk migration, HJ favors a more violent mechanism

that requiresfurther investigation.
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Classify and Explore the Diversity of Planetary

Population and Interior Properties

FRA HIXKE

Classification is an essential method and has been developed widely in
astronomy. However, planets still lack a universal classification framework, because
the Solar System planet sample is too little for statistical analysis. Fortunately,
exoplanets supply large samples to help build up synthetic planetary populations to
support a classification framework. In this study, we use synthetic populations to
study the diversity and evolution relations of planets. We detect six outstanding

clusters in mass-radius space with the kernel density estimation (KDE) and extract



typical planets for each type. The first 4 types are gas-poor planets, and the last 2 are
gas-rich. For an intermediate type, the light gas envelopes contribute to the observable
radius but not the mass. Once the planet is massive enough (3.9 $M_J$) its size
shrinks with increasing mass due to self-gravity. Based on the evolution tracks and the
gas envelopes' properties, the environment is linked strongly to the gas properties and
control which type can form at a specific location. The system with gas giants will be
different from those without, including total planet mass and the number of planets in
the system. Giant planets shape the whole system by orbital resonance. Each type of
planet’s period ratios are different, and gas giants have the most outstanding
accumulation peak at 2:1 resonance. In the future, the patterns of observed planets'
retrieved interior structures can help to confirm the suggested classification. However,
the structure degeneracy induces high uncertainty, such that the framework will still
profit from additional theoretical constraints
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East Asian Planet Search Network (4FZR4MT AN, EAPS-Net) surveys
late-G (including early-K) giant stars with precise radial velocities, aiming to search
for planets around intermediate-mass stars in their evolved stages.

The EAPS-Net began 20 years ago, with 48 exoplanetary systems discovered by
telescopes in east Asia. In this presentation, we report the latest discoveries from the
EAPS-Net and statistical information from planet survey around evolved stars.



Constraining the Presence of Companion Planets in
Hot Jupiter Planetary System Using TTV Observation
from TESS

SKFBT LR

The presence of another planetary companion in a transiting exoplanet system
can impact its transit light curve, leading to a sinusoidal transit timing variations
(TTV). By utilizing both chi-square and RMS analysis, we can combine the TESS
observation data with a N-body simulation to investigate the existence of additional
planet in the system and put limit on its mass distribution. In this paper, we introduce
Fitransit, an efficient and user-friendly tool for fitting transit light curves and calculate
TTV with theoretical period, based on which we can give a limit on its potential
companion's mass.

We used 124 hot Jupiter systems from the complete TESS data-set in the WASP
program to demonstrate the use of Fitransit. Our findings indicate that, for most
systems, the upper mass limit of a companion planet can be restricted to several
Jupiter mass. This restriction becomes sticker near resonance orbits such as 1:2, 2:1,
3:1 and 4:1, down to several Earth masses. These findings align with previous studies
suggesting that a lack of companion planets with resonance in hot Jupiter systems
could potentially support the high eccentricity migration theory. Additionally, we
observed that the choice between chi-square or RMS method does not significantly
affect the upper limit on companion mass; however, chi-square analysis may result in
weaker restrictions but is statistically more robust compared to RMS analysis in most
cases.

The absence of resonant companion planets in the hot Jupiter systems is
inconsistent with the conventional expectation from disk migration.

Long-term Transit Timing Variations of Hot Jupiters

ESGL RLLKRE

Many known hot Jupiters may experience tidal orbital decay, manifested as
long-term transit timing variations (TTVs). We analyzed 7098 transits from the



Transiting Exoplanet Survey Satellite (TESS) for a sample of 362 hot Jupiters. The
precise determination of mid-transit times allowed us to derive new accurate
ephemerides for these systems. By combining our TESS timings with archival data,
we applied linear and quadratic models to investigate potential variations in transit
times. We identified 26 candidates that exhibit possible long-term TTVs, comprising
18 with decreasing periods and 8 with increasing periods. Except for WASP-12b,
the presence of such variations in other systems remains inconclusive, warranting
further observational efforts. In addition to orbital decay, alternative mechanisms
such as apsidal precession, Remer effect, and Applegate effect could also contribute
to the observed period changes. Additionally, our leave-one-out cross-validation
(LOOCYV) test indicated that the period changes observed in certain candidates may
be statistical artifacts resulting from individual data points.

Jupiter's equatorial quasi-quadrennial oscillation

and jets forced by internal thermal forcing

EMR FERIFR LBRN S

Observations have shown that there exists a four-six-year-period downward
propagation of alternating westward/eastward jets in Jupiter's equatorial stratosphere
down to 10 mbar (quasi-quadrennial oscillation, QQQO). Meanwhile, an eastward
equatorial jet occurs relatively constant deeper than 1 bar. Here, we simulate the QQO
by injecting isotropic small-scale thermal disturbances to a three-dimensional general
circulation model of Jupiter. It is found that the internal thermal disturbance is able to
excite a wealth of waves that generate the equatorial QQO and multiple jet streams at
middle and high latitudes of both hemispheres. The dominant wave mode in
generating the QQO-like oscillation is that with a zonal wavenumber of 10.
Inhomogeneous evolution of potential vorticity favors the emergence of the
off-equatorial zonal jets. The off-equatorial jets migrate to the equator, strengthen the
deep equatorial jets, and result in the prolonging of the QQO-like oscillations. We
then superimpose a constant banded heating field over the perturbations, simulating
the deep eastward equatorial jets successfully.
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Scattered light suppression is of great importance for coronagraph. The variable
stray light, such as scatter of dust on objective lens, can create varying scattering
background in coronal images, which is very detrimental to data analysis and hinders
the scientific productivity of the instruments. In this study, the Lijiang 10cm

coronagraph was utilized to analyze the quantitative relationship between the
distribution of dust on the objective lens outer surface and the resulting scattering



background through measured data. Two models for the scattered background were
obtained and the original data can be further corrected based on the models,
confirming their accuracy. Straight calculations for dust scattering can be calculated
by Scatter(r, I0(0)) = (0.99 — 0.43r/R®) x 10-710(0)/s + 0.17 — 0.1r/R®, which
indicates that the scattering background at the image plane weakens with increasing
height and enhances with increasing dust level on the objective lens. What’s more, we
also found that the dust near the center of the objective lens can contribute more
significantly to the scattering background than those near the edges. For the first time,
this study confirms numerically the significant impact of the dust on the objective lens
for the stray light of the instrument system. It is crucial for the high-precision
calibration of ground-based coronagraph data, enabling a more accurate analysis of
coronal structure and the trend of coronal intensity attenuation. Moreover, it will
support the provision of reliable observa- tional data for future routine measurements
of the coronal magnetic field using coronagraphs.
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A new method for monitoring scatter stray light of
an inner-occulted coronagraph

XUKEE LERKRZ (BiE)

The scattered stray light of coronagraph is a type of stray light that is generated
by the objective lens as its surface defects irradiated by sunlight. The defects mainly
include dust, blemishes on the lens surface, microroughness of the lens surface, and



impurity and inhomogeneity of the glass. Unlike the other types of relatively-stable
defects that occur after the objective lens is manufactured, the scattered stray light
caused by dusts on the lens surface is difficult to quantify accurately due to the
disorder and randomness of the dust accumulation. The contribution of this type of
stray light to the overall stray light level is difficult to determine through any
simulations or examinations. This can result in a continuous deterioration of the stray
light level of a coronagraph and thus affect the observing capabilities of the
instrument. To solve this issue, through analyzing the mechanism of scattered stray
light and ghost image generated by the inner-occulting coronagraph, we propose a
novel method to monitor the scattered stray light of dusts by utilizing different stray
light correlation coefficients. In this method, we first simulate and measure the level
of stray light from the ghost image of the objective lens, and then determine the flux
ratio of scattered light and ghost image on the conjugate plane. Although the flux ratio
varies with the accumulation of dusts on the lens surface, it keeps constant on the
image plane. Therefore, the level of dust scattering light on the image plane can be
obtained by using this ratio together with the level of ghost image stray light. We also
validate the accuracy of this method in laboratory by applying objective lens with
numerous surface cleanliness levels.
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Turbulence plays a key role for forming the complex geometry of the large-scale
current sheet (CS) and fast energy release in a solar eruption. In this paper, we present



the full 3D high-resolution simulations to reproduce the process of a moderate
Coronal Mass Ejection (CME) and the thermodynamical evolution of the highly
confined CS. Copious tube-like blobs are generated due to tearing instability giving
rise to a higher reconnection rate and undergo the splitting, merging and kinking
processes in a more complex way than 2D cases. A detailed thermodynamical analysis
shows that the CS is mainly heated by the adiabatic and numerical viscous terms, and
thermal conduction is the dominant factor that balances the energy inside the CS.
Accordingly, the temperature of the CS reaches maximumly about 20 MK and the
range of temperatures is relatively narrow. From the face-on view in the synthetic
Atmospheric Imaging Assembly 131 $\mathring{A}$, the downflowing structures
with similar morphology of supra-arcade downflows are mainly located between the
post-flare loops and loop-top, of which spikes can extend higher above the loop-top
by the moving blobs. The downward plasmoids can keep the twisted magnetic field
lines until the annihilation at the flare loop-top indicating that \textbf{plasmoid}
reconnection dominates in the lower CS, while the upward ones turn into the turbulent
post-plasmoid structures before arriving at the bottom of the CME implying that
turbulent reconnection dominates in the upper CS. The spatial distributions of the
turbulent energy and anisotropy are addressed as well, which show a significant
variation in the spectra with height.
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The partial eruption of a large-scale horse-shoe-like filament is investigated
using datasets obtained from both ground-based and space-borne facilities. The
filament became active after it was broken into two pieces, P1 and P2 seen in Ha, by
magnetic reconnection between the magnetic field around it and that of a newly
emerging active region nearby. P1 eventually erupted 13 hours after the breaking and
escaped from the Sun, developing to a fast CME, and P2 stayed. But the mass in P1
falling down to P2 in the eruption suggests that the global magnetic fields over P1 and
P2 were still connected to each other prior to the eruption. The reconnection process
breaking the filament occurred outside the filament, and P1 and P2 were located

almost at the same altitude, so the fashion of the filament partial eruption studied here
differs from that of the “double-decker model” and that of



“Partially-expelled-flux-rope model”, indicating that we may not capture all facets
of partial filament eruptions at present. Therefore, the event provides new
observational constraints on the construction of the new models for partial eruptions.
At the same time, by analysing the kinematics of the runaway part of the filament and
calculating the decay index of the background magnetic fields, we confirm that the
catastrophe (or torus instability) is the triggering mechanism of the partial eruption.

A narrow and a broad QFP wave trains excited

simultaneously in a solar flare event

FEFEF M) mEXE

The driven mechanisms of the narrow and broad quasi-period fast-propagating
(QFP) wave trains are still widely disagreed. Using the Solar Dynamics
Observatory/Atmospheric Imaging Assembly observation data, we present a narrow
and a broad QFP wave trains excited one after another during the two flare phases on
2013 October 20. The co-occurrence of two types of wave trains provides an excellent
opportunity to explore their triggering mechanisms and compare their different
physical parameters. Measurements show that these two wave trains have different
speeds, periods, energy flux, and relative intensity, although they originate from the

same flare source. Using the wavelet analysis, we find that narrow and broad
wave trains have a consistent period with the flare and the filament’s untwisting
motion, respectively. Based on these results, the narrow QFP wave train was most
likely excited by the intermittent energy release in the accompanying flare. At the
same

time, the energy release of the filament’s untwisting motion might be an essential

driving mechanism for the broad QFP wave train.
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Associate transition region activities with corona

and solar wind

HIE LIFRKZ (RE)

Solar transition region is normally defined in a temperature regime of 20
thousand to 1 million Kelvins and it bridges the chromosphere and the corona. The
transition region is found to be very dynamic. Many activities, such as bright dots,
UV bursts, loops and jets, are frequently found in this region. These activities are
possible signatures of energy release and/or mass dumping in the transition region.
The connection of transition region activities with the corona and solar wind is crucial
for understanding the coronal heating processes. Many interesting phenomena have
been reported with high-resolution spectral and imaging observations, such as
concurrence of loops in transition region and corona, the link between transition
region jets and coronal plumes and the driver to a coronal jet given by transition
region jets. All these observations indicate that transition region activities might be
crucial in coronal heating but not directly supply mass and/or energy to the corona. In
this presentation, we will summarize our observations on the association between

transition region activities and corona/solar wind.
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Reconstruction of global coronal and interplanetary
magnetic field from models constrained by real

observations

S REeIUXRXE

Solar magnetic fields are closely related to various physical phenomena and
particle transport, which can be reconstructed by theoretical models via photospheric
magnetograms. We use Magnetohydrostatic (MHS) models to extrapolate coronal and
interplanetary magnetic fields (IMFs) constrained by remote-sensing and in-situ
observations. Three indicators are established to quantitatively evaluate the prediction
quality of models in order to determine the optimal free parameters. Predictions of
models have a good consistency with the remote-sensing and in-situ observations.
Still, the magnetic field strength along the radial direction is underestimated near the
Sun, called the "Open flux problem". While the "missing" magnetic flux decreases
with the increase of the heliocentric distance. Even if the IMF at 1 AU is matched
with measurements by artificially increasing the polar magnetic field, the IMFs
located near the Sun are still underestimated. Results indicate that the interplanetary
process is essential in missing the magnetic flux. Solving this problem could require
improving the measurement accuracy of both the weak and polar magnetic fields,
especially considering the dynamic behaviors of coupling particles and fields during
complex interplanetary physical processes.
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Wave propagation and transmission in a rotating

polytropic spherical shell

Zatn LB RE

Wave propagation can simultaneously transport momentum and energy, therefore
it may have important effects on stellar or planetary interior structures and evolutions.
It is quite common for a star or planet to have a multi-layer structure, and yet
propagation and transmission of internal waves in these layers have not been fully
explored. In this work, we study the wave propagation and transmission by solving
the linearized equations of a compressible, self-gravitating, uniformly rotating
polytropic spherical shell. We use a pseudo-spectral method which allow us to
calculate the adiabatic and inviscid oscillation modes. The influence of Coriolis force
is fully taken into account but the centrifugal force and rotation distortion is neglected
for simplicity. We consider interior models with polytropic index n = 1.5 (convective),
n = 2.5, 3, 4 (radiative), and n changing from 4 to 1.5 at radiation-convection
boundary which is given to be 0.7R® at present sun. We characterize the energy flux
and kinetic energy of these waves and find that energy flux carried by high-frequency
acoustic wave but kinetic energy carried by low-frequency gravity wave, inertial wave
or mixed gravito-inertial wave. It is also shown that rotation can facilitate wave

propagation and enhance wave transmission.
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Solar-cycle-related Variation of Differential

Rotation of the Chromosphere

hE z=mAXS

Solar-cycle-related variation of the solar chromospheric rotation is studied by
analyzing the chromospheric rotation rate of 938 synoptic maps generated from the
Ca Il K line at the Mount Wilson Observatory during the period of 1915 August 10 to
1985 July 7. The results obtained are as follows: (1) The parameters A (the equatorial
rotation rate) and B (the latitudinal gradient of rotation) in the standard form of
differential rotation both show a decreasing trend in the considered time frame,
although A has weak statistical significance. (2) There is a significant negative
correlation between the level of solar activity and parameter B, indicating that there
seems to be a correlation between field strength and chromospheric differential
rotation. (3) During solar cycles 15, 16, 19, 20, and 21, the southern hemisphere
rotates faster, whereas in cycles 17 and 18, the northern hemisphere rotates faster. (4)
There exists a significant negative correlation between the N-S asymmetry of the
chromospheric rotation rate and that of solar activity, indicating that differential
rotation of the chromosphere seems to be strengthened by stronger magnetic activity
in a certain hemisphere. Possible explanations for the above results are given.
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A Revisit of Mass-metallicity Trends in Transiting

Exoplanets

FVERHE A

Prediction of exoplanet detection with CSST

astrometry

E—f _Eigs@BXFFEIEMRh

Chinese Space Station Telescope (CSST), which will begin its scientific
operations around 2025, is able to detect a number of exoplanets in nearby systems
via relative astrometry in its all-sky optical survey. In this paper, we predict the
number of gas giants and substellar companions detectable with CSST astrometry. We
carry out an emulation by injecting a number of planets in a large representative
sample of nearby stars from CSST-TRILEGAL Milky Way stellar mock catalogue,
with the consideration of the geometric distortion correction of the charge-coupled
divice (CCD). With reasonable assumptions of planet occurrence rates, the detection



limit and exoplanet yields are calculated. The main uncertainties come from the
occurrence rate models and emulation accuracy due to undetermined CSST survey
strategy. Our results show that CSST will be the dominant mission for astrometric
detection of planets around nearby faint stars (M dwarfs) during its 10-year mission
duration, extends the observational baseline of current space-based astrometric
missions (e.g. Gaia Mission and Hubble Space Telescope / Fine Guidance Sensor),
and synergistically provides a series of targets for direct imaging observation (e.g.
James Webb Space Telescope).
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N-body simulation of atmospheric erosion from

super-Earth cores

BIE EigsBNFFEENFRAh

From the distribution of exoplanets detected by the Kepler satellite, it has been
observed that there is a scarcity of planets with radii between 1.5R_@® and 2R_©®.
This phenomenon is called as radius valley. We propose using impact erosion to
explain the radius valley. Our model involves three super-Earths and many planetary
embryos with varying numbers and eccentricities. We use REBOUND code to
simulate the orbital evolution of the planets and the embryos. Embryos with high
eccentricities can collide with super-Earths and erode their atmospheres. We use the
collision results to calculate the remaining atmospheric mass of the super-Earths. We
found embryos, with highly eccentric orbits, easily collide with super-Earths, leading
to the evaporation of super-Earths atmospheres. On the contrary, embryos with lower
eccentricities stay on relatively stable orbits and avoid collisions with the super-Earths,
which retain their thick atmospheres. By amalgamating super-Earths resulting from
low-eccentricity and high-eccentricity embryo systems, the radius valley can be

effectively reproduced.
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Investigating Pre-eruptive Magnetic Properties at

the Footprints of Erupting Magnetic Flux Ropes

2B PERERAKS

It is well established that solar eruptions are powered by free magnetic energy
stored in the current-carrying magnetic field in the corona. It has also been generally
accepted that magnetic flux ropes (MFRs) are a critical component of many coronal
mass ejections. What remains controversial is whether MFRs are present well before
the eruption. Our aim is to identify progenitors of MFRs, and investigate pre-eruptive
magnetic properties associated with these progenitors. Here we analyze 28 MFRs
erupting within 45° from the disk center from 2010 to 2015. All MFRs’ feet are well
identified by conjugate coronal dimmings. We then calculate the magnetic properties



at the feet of the MFRs, prior to their eruptions, using Helioseismic and Magnetic
Imager vector magnetograms. Our results show that only 8 erupting MFRs are
associated with significant nonneutralized electric currents, 4 of which also exhibit
pre-eruptive dimmings at the footprints. Twist and current distributions are
asymmetric at the two feet of these MFRs. The presence of pre-eruption dimmings
associated with nonneutralized currents suggests the preexisting MFRs. Furthermore,
the evolution of conjugate dimmings and electric currents within the footprints can

provide clues about the internal structure of MFRs and their formation mechanism.

Applications of ICME Composition

REGR  LIRKRZ(BLES)

(0). In situ measurements of ICME composition, including the charge states and
elemental abundances of heavy ions, open a new avenue to study CMEs.

(1). The charge states of a specific element reflect the electron temperature of
CMEs near the Sun, and can be used to investigate their eruption process.

(2). The elemental abundances can be used to diagnose the origin of plasmas
related to CMEs.

Formation of Double-power-law Spectra in Solar

Energetic Particle Events

TR LIRKRZ(ES)

Double-power-law energy spectra have been observed in many large solar
energetic particle (SEP) events. Itis an important feature for understanding the
acceleration and propagation of high-energy particles, but its formation mechanism
remains unclear. We first perform numerical modeling of particle acceleration near the
Sun at a CME-driven shock propagating through a streamer magnetic field by solving
the Parker transport equation. We find that the energy spectra integrated over the
whole simulation domain and in the streamer-nonstreamer transition region can be
described by a double power law. We suggest that the double-power-law distribution

may emerge as a result of the superposition of energetic particles from different



source regions where the acceleration rates differ significantly. We also examine the
double-power-law formation mechanism by analyzing the variation of particle energy
spectra during propagation in the interplanetary space. Assuming that the SEP energy
spectrum in the source region is a power-law with exponential rollover, we find that
the superposition of energetic particles from different regions can produce a double
power-law distribution during the interplanetary propagation. This further verifies that
our proposed scenario of "mixing of SEPs from different source regions” can serve as
a promising formation mechanism of the double-power-law feature in SEP energy
spectra.
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Do all SNe Ia share the same explosion mechanism?

BT ZEANE

Type Ia supernova explosions in binary systems

WIER =R E

Type la supernovae (SNe la) play a key role in the fields of astrophysics and
cosmology. It is widely accepted that SNe la arise from thermonuclear explosions of
white dwarfs (WDs) in binary systems. However, there is no consensus on the
fundamental aspects of the nature of SN la progenitors and their actual explosion
mechanism. This fundamentally flaws our understanding of these important
astrophysical objects. In this review, we outline the diversity of SNe la and the
proposed progenitor models and explosion mechanisms. In this talk, I will discuss the
recent theoretical and observational progress in addressing the SN la progenitor and
explosion mechanism in terms of the observables at various stages of the explosion,
including rates and delay times, pre-explosion companion stars, ejecta-companion
interaction, early excess emission, ejecta-CSM interaction, surviving companion stars,
late-time spectra and photometry, polarization signals, and supernova remnant
properties.

F—RERREEENERT
TR ERKXE

BR WS AUE 2R DB BRI R A, HPiiELLT 140
3] 260 7% A FH 5 B 8] i 28— A A5 1E 2 AT O AN Ra e il 2 170
P A% & B S R R B PR A BT SRR ECHEER, I B IR 2R BE R BIIIE



2R — OB R R AR AR AIESE . FATAA LAMOST Jil il R¥a A3 17—
BUARIEL R TT e R A, HANLB N TR ER 22— ZXBHEZ K
MR A FR T AW ) A A O B U AR AR PR A LU B AN el L o 212 R fb o
B A TC I A v R R B AR R ARE, K05 260 % K B BT R N AR
B R B THR A R R B e AU R R AE 2 A SR BT 11k
FAUESE o

The Effects of Rotation, Metallicity, and Magnetic

Field on the Islands of Failed Supernovae
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Grids of Wolf-Rayet stars using MESA with the

k-omega model
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Variability of magnetic hot stars from the TESS

observations

EAE FEERE

Magnetic hot stars refer to the stars, which effective temperatures approximately
in the range from 7,000 to 50,000 K, and with large-scale globally organized magnetic
fields. These magnetic fields exhibit strengths ranging from tens of Gauss to tens of
kilo-Gauss. They are key in understanding the effects caused by magnetic fields in the
stellar evolution. However, there are only three magnetic hot stars studied via a
combination of spectropolarimetric and asteroseismic modeling. Combined with T
ransiting Exoplanet Survey Satellite (TESS) 1-56 sectors data sets, we provided a
photometric variability and stochastic low frequency (SLF) variability study of 118
magnetic hot stars. new rotating variable stars are identified. Using the Bayesian
Markov Chain Monte Carlo (MCMC) framework, we fitted the morphologies of SLF
variability for magnetic hot stars. Our analysis reveals that the magnetic hot stars in
our sample have y < 5.5 with the vast majority having 1 <y < 3. The vchar is
primarily in the ranges of 0 d < vchar < 6.3 d. The amplitude of SLF variability, loga0,
shows a dominant distribution ranging from 0.8 to 3. No significant correlations are
observed between the luminosity and fitting parameters, suggesting no clear



dependence of SLF variability on stellar mass for our sample of magnetic hot stars
with masses between approximately 1.5M®< M < 20M©®. We found a significant
negative correlation between the Bp and vchar. This suppression effect of magnetic
fields on vchar may be a result of their inhibition of macroturbulence.

Data Release of the AST3-2 Automatic Survey from

Dome A, Antarctica

w8 BExRKXE

AST3-2 is the second of the three Antarctic Survey Telescopes, aimed at
wide-field time-domain optical astronomy. It is located at Dome A, Antarctica, which
IS by many measures the best optical astronomy site on the Earth's surface. Here we
present the data from the AST3-2 automatic survey in 2016 and the photometry
results. The median 5c limiting magnitude in i-band is 17.8 mag and the light-curve
precision is 4 mmag for bright stars. The data release includes photometry for over 7
million stars, from which over 3500 variable stars were detected, with 70 of them
newly discovered. We classify these new variables into different types by combining
their light-curve features with stellar properties from surveys such as StarHorse.

Stellar physics from lithium in open clusters
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Deep learning interpretable analysis for carbon star

identification in Gaia DR3
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Wide Binaries in the LAMOST-Gaia era
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Discovery of the first white dwarf + brown dwarf

wide binary of the Galactic halo

K4 BIRTA

We present the discovery of the first halo white dwarf + brown dwarf wide
binary in Gaia DR3. It is a gravitationally bound system with a projected separation of
1375 au. The primary is a cool and old DC WD. The secondary is a metal-poor brown
dwarfs with metallicity around [Fe/H] = -1.0. The system has a typical space
velocities of Galactic halo members. The age of the system is older than 10 Gyr
according to model fitting of the WD companion. With age constrain from the WD
companion, the secondary companion becomes the first age benchmark brown dwarf
of the of Galactic halo.
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Searching for Compact Object Candidates from

LAMOST Time-Domain Survey of Four K2 Plates
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Discovery and analysis of a non-eclisping hot

subdwarf + white dwarf binary
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The statistical properties of double main sequence (MS) binaries are very
important for binary evolution and binary population synthesis. To obtain these
properties, we need to identify these main sequence binaries. In this

paper, we have developed a method to differentiate single MS stars from double
MS binaries from the Chinese Space Station Telescope (CSST) Survey with machine
learning. This method is reliable and efficient to

identify binaries with mass ratios between 0.20 and 0.80, which is independent
of the mass ratio distribution.

But the number of binaries identified with this method is not a good
approximation to the number of binaries in the original sample.

Therefore, we have improved this point by using the

detection efficiencies of our method and an empirical mass ratio distribution and

then can infer the binary fraction in the sample.
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Using membership of 85 open clusters from previous studies (Pang et al. 2021a,b,
2022b; Li et al. 2021) based on Gaia DR3 data, we identify binary candidates in the
color-magnitude diagram, for systems with mass ratio q > 0.4. The binary fraction is



corrected for incompleteness at different distances due to the Gaia angular resolution
limit. We find a decreasing binary fraction with increasing cluster age, with
substantial scatter. For clusters with a total mass >200 M©, the binary fraction is
independent of cluster mass. The binary fraction depends strongly on stellar density.
Among four types of cluster environments, the lowest-density filamentary and fractal
stellar groups have the highest mean binary fraction: 23.6% and 23.2%, respectively.
The mean binary fraction in tidal-tail clusters is 20.8%, and is lowest in the densest
halo-type clusters: 14.8%. We find clear evidence of early disruptions of binary stars
in the cluster sample. The radial binary fraction depends strongly on the
cluster-centric distance across all four types of environments, with the smallest binary
fraction within the half-mass radius rh, and increasing towards a few rh. Only hints of
mass segregation is found in the target clusters. The observed amount of mass
segregation is not significant to generate a global effect inside the target clusters. We
evaluate the bias of unresolved binary systems (assuming a primary mass of 1 M©)
in 1D tangential velocity, which is 0.1-1 km s—1. Further studies are required to
characterize the internal star cluster kinematics using Gaia proper motions.

Stellar rotation and extended main-sequence

turn-off in galactic open cluster NGC 2423

MEME FLXE

Most intermediate age open clusters exhibit extended main-sequence turn-offs
(eMSTO). We investigated a galactic open cluster NGC 2423 with age of ~890Myr.
The cluster clearly shows an eMSTO while the red clump of NGC 2423 is narrow.
Furthermore, we measured the projected stellar rotational velocity (Vsini) of the
cluster member stars and found out that the fast rotators are located in the red part of
eMSTO in CMD while the slow rotators are located in the blue part. The
Geneva/SYCILST model fits well with our result. Stellar rotation plays an important
role in the causation of eMSTO.

EHF NGC1856 N F F 4R
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The detection of split main sequences (MSs) associated with young clusters
(<600 Myr) has caught lots of attention. A prevailing scenario is that a bimodality of
stellar rotation distribution drives the MS bifurcation. Nevertheless, the origin of the
stellar rotation dichotomy remains unclear. Hypotheses involving tidally-locked
binaries or blue straggler stars (BSSs) are proposed to explain the observed split MSs.
In this talk, we want to examine if the long-term dynamical evolution of star clusters
can produce the observed split MSs, through high-performance N-body simulation. As
a prototype example, the young massive cluster NGC 1856 exhibits an apparent MS
bifurcation. Our simulation reports that at the age of NGC 1856, tidally-locked
binaries are fully mixed with single stars. This is consistent with the observation that
there is no significant spatial difference between blue MS and red MS stars. However,
we find that only high mass-ratio binaries can evolve to the tidally-locked phase at the
age of the NGC 1856. These tidally-locked binaries will populate a much redder
sequence than the MS of single stars rather than a blue MS, which is inconsistent with
the hypothesis. The number of tidally-locked binaries cannot account for the
observation. Our simulation shows that BSSs produced by binary interactions do
populate the blue periphery in the color-magnitude diagram, and their spatial
distribution shows a similar pattern of single stars. However, the number of BSSs

does not fit the observation.
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Where do they come from? Identification of
globular cluster escaped stars

w B FLXE

Globular clusters (GCs), as old as our Galaxy, constantly lose stars to the field as
they travel through different parts of the Milky Way (MW). Theses GC escaped stars



(or escapees) are the key to investigate contribution of GCs to MW halo. If a star has
left the host GC a long time ago, chemical finger prints, e.g., N enrichment, may
reveal its origin. In this work, we aim to establish dynamical connections between
N-rich field stars recently identified by LAMOST and the existing MW GCs. By
constructing the full action distribution, and combining with metallicity, we found 29
potential GC progenitors for 15 N-rich field stars. Particularly, some of them may be
related to MW accretion events. On the other hand, if a star recently left its host GC
via tidal evaporation, it still maintain the kinematic properties of the cluster. Here we
identify extra-tidal candidates based on their spatial locations, proper motions, and
their position on color-magnitude-diagrams. We successfully identified more than
1600 extra-tidal candidates in the vicinity of six GE-related GCs (i.e., NGC 1851,
NGC 1904, NGC 6205, NGC 6341, NGC 6779, NGC 7089). The density map of the
extra-tidal candidates is confirmed to be an efficient way to find extra-tidal structures.
The possible two density peaks at opposite directions of the inner boundary is a good
indicator for long stellar stream. Among 95 extra-tidal candidates with spectroscopic
radial velocities and metallicity, 54 of them are confirmed to be GC escaped stars, as
they share similar properties as host GCs. These extra-tidal candidates are ideal
targets for follow-up spectroscopic observation, as it greatly improves the scientific
outcome. Once statistically significant number of spectroscopic radial velocities and
metallicities are available, the GC dynamical evolution (e.g., mass loss, rotation) can
be carefully investigated.
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The Long-Period Supplement of Brown Dwarf
Desert

PRESR LXK

Brown dwarfs (BD) with the mass of 40—60 Jupiter mass that orbit around
solar-type main sequence (MS) stars are rare in observation, which forms the
so-called brown dwarf desert. Most of previous works focus on the distribution of



brown dwarfs around main sequence stars. These systems are partly discovered using
radial velocity technique, where we only have m sin i measured. Only a few of these
brown dwarfs have precise mass measurement using transit method technique or
astrometry method. Here we propose to use the data of known eclipsing white dwarf -
brown dwarf (WD-BD) binaries to study the brown dwarf desert. We use the binary
evolution code COMPAS to infer the properties of their progenitors, which are
MS-BD binaries. We find this new sample of MS-BD binaries is an excellent
complement to the directly observed MS-BD sample used in studying the brown
dwarf desert. We find tentative evidence that the brown dwarf desert extends to a
period of several hundred days. By providing a larger sample of brown dwarfs with
precise mass measurements around main sequence stars using binary evolution
calculation, our study opens a new avenue of studying the brown dwarf desert

LAMOST KF & HEKEEMSEIT R
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The measurements of masses and ages of massive stars play an important role in
understanding the formation and evolution of their host galaxies. In this work, we
present the measurements of masses and ages of 2,946 OB-type stars, including 37
O-type stars and 2909 B-type stars, based on their stellar parameters (effective
temperature, surface gravity, and metallicity) and PARSEC isochrones. Our results
show that the median mass of the 2,946 OB stars is 5.5\,M$_{\sun}$ with a median
mass relative error of 10.7{\%} and the median age is 50.8\,Myr with a median age
relative error of 27{\%}. A good agreement between our results estimated by using
our method and those derived by using the orbital motions of binary stars from the
literature is found for some B-type stars. In addition, we also fit the mass-luminosity
relation of OB-type stars by using our derived mass and the luminosity from
$Gaia$ DR3.
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Infrared Emission Spectra of R Coronae Borealis

Stars
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The R Coronae Borealis (RCB) stars are a small group of carbon-rich,
hydrogen-deficient super-giants. While several RCB stars exhibit well defined PAH
emission bands at 3.3, 6.2, 7.7, 8.6, and 11.3 um, the vast majority shows broad,
unidentified emission complexes at ~ 6--10 um and ~ 11.5--15 um. These visible

spectral profiles are beneficial for probing into the nature of the dust condensed in
RCB stars.
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Luminosity Outburst of a High-mass Young Stellar

Object Triggered by the Surrounding Radiation Field

XUELE KR

We present observations of the 6.7 GHz methanol and 4.8 GHz formaldehyde
masers toward the high-mass young stellar object G24.33+0.14 (hereafter G24). Our
observations were conducted from 2019 to 2021 using the Shanghai Tianma 65 m
Radio Telescope and the Very Large Array in response to the luminosity outburst
event traced by these two species masers in 2019. Our results indicate that the



provenance of the maser flares is unlikely to be ascribed to the protostar of G24 itself.
Through analyzing NEOWISE infrared monitoring data, we identified two light
curves of G24 with long-term (3083 days, ~8.5 yr) and short-term (424 days) periods.
Intriguingly, 11 periodic variable sources located in the same bubble as G24
exhibiting periods comparable to the short-term period of G24 were also detected.
The analysis of the spectral energy distributions of these periodic variables revealed a
possible correlation between their temperature fluctuations and the surrounding
radiation field that possibly emanates from the driving source of the bubble. This
source could be an individual supergiant protostar of a few hundred solar masses with
periodic pulsation potentially accounting for the observed short-term period in the
G24 region.
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An asymmetric Galactic stellar disk traced by

OB-type stars from LAMOST DR7
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Star formation history of nearby galaxies: a machine

learning approach

WER BExRAXE

Resolved color-magnitude diagrams (CMDs) have proven to be a valuable tool
for investigating the detailed star formation histories (SFHs) of nearby galaxies, as
they encode the properties of individual stars. To address the challenges brought by
big data, we have improved the synthetic CMD method by applying machine learning
techniques. Our approach involved training the machine learning network using
synthetic data generated from the state-of-art theoretical models and subsequently
validating its performance with observed data from the Hubble Space Telescope. The
predicted SFHs obtained through this method exhibit good agreement with those
reported in the literature. The integration of machine learning not only enhances the
accuracy and efficiency of the synthetic CMD method but also provide the possibility

of studying the spatial variance of SFHs, especially in the context of large galaxies.

Measuring the Milky Way Vertical Potential with the

Phase Snail in a Model Independent Way

2  CiEsEAE

The vertical phase-space spiral (snail) is a direct sign of dis-equilibrium of Milky
Way’s disc. Nevertheless,the wrapping of the phase snail contains information of the
vertical potential. We propose a novel method tomeasure the vertical potential
utilizing the intersections between the snail and z/Vz axes, for which we know

themaximum vertical heights (Zmax) or the maximum vertical velocities (Vz,max).



Using a refined linear interpola-tion method, we directly obtain (Z , 1V2 ) for these
snail intersections to constrain the vertical potential max 2 z,maxprofile empirically.
Our method is model independent since no assumptions about the snail shape or the
vertical potential have been made. Although the snail binned by the guiding center
radius (Rg) is more prominent, it traces a vertical potential shallower than that of the
snail binned by the same Galactocentric radius (R). We apply an empirical method to
correct this difference. We measure the snail intersections in several Rg bins within
7.5 < Rg < 11.0 kpc for Gaia DR3, and apply the interpolation method to deduce the
potential values at several vertical heights. The potential at the snail intersections, as
well as the following mass modeling are consistent with the popular Milky Way
potentials in the literature. For the Rg-binned phase snail in the Solar neighborhood,
the mass modeling indicates a local dark matter density of pdm = 0.0150 + 0.0031 M
® pc—3 , con- sistent with previous works. Our method could be applied to larger
radial ranges in future works, to provide independent and stronger constraints on the

Milky Way’s potential.

"Hypervelocity Stars Track Back to the Galactic

Center in Gaia DR3"

BEF PEMERAE
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Based on the proper motions and radial velocities from Gaia Data Release 3, we
identify two hypervelocity stars (HVSs) that may originate from the Galactic center
(GC). We select the candidates by first filtering for all Gaia stars with Galactocentric



radial velocities >500 km s—1. We also require the candidates cross the Galactic
midplane only once at 80% confidence, as determined by backwards orbit integration
in several models of the Galactic potential, given the uncertainties in the Gaia
measurables. The final two HVS candidates are the only such stars in our sample
whose backwards-integrated trajectories pass within 1 kpc of the GC, suggesting a
potential GC origin. We discuss possible ejection scenarios for these HVSs, in
particular, by finding that ejection via the Hills mechanism is unlikely unless the HVS
trajectories were significantly altered by local or large-scale perturbations to the
assumed Galactic potential, e.g., the Large Magellanic Cloud. Interestingly, one of the
HVSs ejects in a direction that is curiously aligned with the clockwise stellar disk
around Sgr A*, suggesting a possible connection. We also discuss that the two stars
may be ejected by other mechanisms.
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Two Stellar-mass Black Hole Candidates from

LAMOST Time-domain Survey
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Graphene, Fullerenes and Nanotubes in the Space

PRFER MR SOEF R

We present a series work about carbon dust in the space, which includes the
theoretical calculation of IR emission of graphene, C24, and the possible detection of



infrared emission of planar C24, and also Fullerenes C60 close to the HII region
candidate IRAS 17450-2759 toward Sgr B2. An absorption spectrum of carbon
nanotube (CNT) in the space is also presented here. The IR emission spectrum of
graphene from theoretical calculation showed unusual IR emission features at ~ 6.6,
9.8 and 20 pm. We have placed an upper limit of ~ 5 ppm of C/H on the abundance
of graphene in the diffuse ISM. Subsequently, we have searched for characteristic IR
emission features of C24 toward the high-mass star formation region (HMSFR) Sgr
B2, and detected possible IR emission from C24 at ~ 6.637, 9.853 and 20.050 um for
the frst time in HMSFR. Those three IR emission features are also accompanied by
the characteristic IR emission of possible C60. We also calculated the absorption
spectrum of (5, 0) CNT, the smallest CNT, using the discrete dipole approximation,
which exhibits four spectral features, peaking at ~ 0.3, 0.5, 0.9, and 2.9 pm.

Eclipsing Binaries in Gaia DR3

(E757% HERISEAS

Eclipsing binary systems (EBS) exhibit optical variability because of geometric
properties rather than intrinsic physical variations. Their light curves vary from
various parameters of the systems. As variables, EBS have several advantages such as
high abundance, wide distribution, a broad range of stellar types and states, and a
large number of special components, etc. They serve as a valuable complement to
previous studies of stars and the Milky Way. Although the number of observed EBS is
rapidly increasing, especially after the million EBS determined by Gaia DR3,
large-scale studies based on such systems are still scarce.

In this research, | undertake a series of specific investigations on EBS, including
studies on the structure of the Milky Way, statistical analysis of stellar activity, and the
selection of unique stellar types. Additionally, I am dedicated to laying the
groundwork for future time-domain astronomy, particularly in the context of

multi-band, high-frequency observation modes for EBS research.
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Sub-Kkiloparsec scaling relations between soft X-ray
luminosity, dense gas and star formation rate in four

nearby star-forming galaxies
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The Most Distant and High Extinguished Open
Clusters found in Our Milky Way

Wig7zs PEMERFMIESRIF

Despite having data for over 109 stars from Gaia, only less than 10°4 star
clusters and candidates have been discovered. Particularly, distant star clusters are



rarely identified, due to the challenges posed by heavy extinction and great distance.
However, Gaia data has continued to improve, enabling even fainter cluster members
to be distinguished from field stars. In this work, we will introduce a star cluster
search method based on the DBSCAN algorithm; we have made improvements to
make it better suited for identifying clusters on dimmer and more distant stars. After
removing member stars of known Gaia-based clusters, we have identified 2086
objects with |b| < 10 deg, of which 1488 are highly reliable open star clusters, along
with 569 candidates, 28 globular cluster candidates and 1 irregular galaxy IC 10 at
low Galactic latitudes. We found that the proper motion of IC 10 is similar yet slightly
different from the water maser observations, which is an important result for the
comparison with Gaia and VLBA. Besides, when compared with the star clusters
appearing in Gaia DR2/EDR3, we have found nearly three times as many new objects
above a distance of 5 kpc, including hundreds of them above Av > 5 mag. And it has
enabled us to detect a higher number of old clusters, over a billion years old, that are
difficult to detect due to observational limitations. Our findings significantly expand
the remote cluster sample and enhance our understanding of the limits of Gaia DR3
data in stellar aggregates research. The full position/CMD/isochrone figure set for
2085 clusters can be seen in China-VO: https://nadc.china-vo.org/res/r101258/.
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China is planning to launch a relay satellite in the coming years with a payload
for the Earth—-Moon verylong-baseline interferometer observation research and

scientific applications, known as the lunar orbit very-long-baseline interferometry



(VLBI) experiment (LOVEX) system. This system will perform the LOVEXs for in
the world, and will improve the accuracy of planetary spacecraft orbit determination
and the scientific observation capabilities of astrophysics and astrometry. Prior to
launch, key technologies of the system must be verified, so we have established a
LOVEX ground validation system with similar performance to the LOVEX system.
The LOVEX ground validation system consists of a 4.5-m ring-focus antenna, Xband
receiver, frequency converter and digital backend, hydrogen maser, and monitoring
and control software. Using this system, we have successfully conducted VLBI
differential observation experiments with the Shanghai 65 m radio telescope and
Beijing 50 m radio telescope. The experimental results show that, after calibration
with NRAO150, the standard deviations (STDs) of delay error of Tianwen-1 are
within 0.5 ns, consistent with the theoretical timing accuracy, verifying the feasibility
of the LOVEX time-delay calibration.
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Analytical representation for numerical

intergration ephemerides with limited time-span
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Spin-Orbit Coupling Dynamics in a Planar
Synchronous Binary Asteroid
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The 1:1 spin-orbit resonance that the rotation period of a celestial body
approximately synchronizes with its orbital period is widely observed in not only
planet-satellite systems but also binary asteroid systems. The main goal of the current
study was to investigate the mechanism which determines the stability boundary of
the 1:1 spin-orbit resonance in a binary asteroid under the coupled influence of the
secondary's rotation and orbital motion. Due to strong spin-orbit coupling, assuming
the mutual orbit as an invariant ellipse (as usually done in planet-satellite systems) is
not suitable for the binary asteroid systems that have a secondary of considerable
mass and size, or have a close distance between the two bodies. The difference
between our study and previous ones is twofold. The complete spin-orbit coupling
model is considered, and explicit high order analytical solution is constructed. We
found that the stable synchronous state requires a small eccentricity of the mutual
orbit but permits a large libration angle of the secondary. The anti-correlation of the
eccentricity and the libration angle is confirmed. The sable region for a very elongated
secondary is small, which explains the lack of such secondaries in observations. In
addition, the findings of this research provide insights into chaos and the resonances
of basic frequencies, which may play an important role in the evolution of a binary



asteroid.

Understanding the Planetary formation and

evolution in Clusters
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In this talk, | will briefly introduce the motivation of study planets in cluster
environments (l.e. the UPIC projects) and the history of detecting planets in clusters.
Then | will introduce several previous works about disk evolution in clusters, the
planet occurrence rate correlated to the dynamical history of host stars. Finally I will
show our most recent work to constrain a preliminary formation timescale of giant
planets in clusters, based on the largest sample of planets and candidates in clusters
and association.
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The unexpected discovery of hot Jupiters challenged the classical theory of
planet formation inspired by our solar system. Until now, the origin and evolution of
hot Jupiters are still uncertain. Determining their age distribution and temporal
evolution can provide more clues into the mechanism of their formation and
subsequent evolution. Using a sample of giant planets around Sun-like stars
collected from the kinematic catalogs of the Planets Across Space and Time (PAST)
project, we find that hot Jupiters are preferentially hosted by relatively younger stars
in the Galactic thin disk. We subsequently find that the frequency of hot Jupiters
declines with age. In contrast, the frequency of warm/cold Jupiters shows no
significant dependence on age. Such a trend is expected from the tidal evolution of
hot Jupiters' orbits, and our result offers supporting evidence using a large sample. We
also perform a joint analysis on the planet frequencies in the stellar age-metallicity
plane. The result suggests that the frequencies of hot Jupiters and warm/cold Jupiters,
after removing the age dependence are both positivelycorrelated with stellar
metallicities. Moreover, we show that the above correlations can explain the bulk of



the discrepancy in hot Jupiter frequencies inferred from the transit and radial velocity
(RV) surveys, given that RV targets tend to be more metal-rich and younger than
transits.

Stability analysis of double-averaged restricted

elliptic three-body problem

BEE WERKRE

We are dealing with the averaged model used to study the secular effects in the
motion of a body of the negligible mass in the context of a spatial restricted elliptic
three-body problem. It admits a two-parameter family of equilibria (stationary
solutions) corresponding to the motion of the third body in the plane of primaries’
motion, so that the apse line of the orbit of this body is aligned with the apse lines of
the primaries’ orbits. The aim of our investigation is to analyze the stability of these
equilibria. We show that they are stable in the linear approximation. The
Arnold--Moser stability theorem provides sufficient conditions under which this
means stability in a nonlinear sense too. These conditions are violated for
parameters of the problem that belong to a set formed by a finite number of analytic

curves in the parameters' plane.

Discovery of Unexpected Mutual Inclination in a

Two-Giant System
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Evidence of Hot Giant Exoplanets Formation

Timescales in Open Cluster
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Planets in young star clusters could shed light on planet formation and evolution
since star clusters can provide accurate age estimation. However, the number of
transiting planets detected in clusters was only ~30, too small for statistical analysis.
Thanks to the unprecedented high-precision astrometric data provided by Gaia DR2
and Gaia DR3, many new Open Clusters(OCs) and comoving groups have been
identified. The UPIC project aims to find observational evidence and interpret how
planet form and evolve in cluster environments. In this work, we cross-match the
stellar catalogs of new OCs and comoving groups with confirmed planets and
candidates. We carefully remove false positives and obtain the biggest catalog of
planets in star clusters up to now, which consists of 73 confirmed planets and 84
planet candidates. After age validation, we obtain the radius--age diagram of these
planets/candidates. We find an increment of the fraction of Hot Jupiters(HJs) around
100 Myr and attribute the increment to the flyby-induced high-e migration in star
clusters. An additional small bump of the fraction of HJs after 1 Gyr is detected,
which indicates the formation timescale of HJ around field stars is much larger than
that in star clusters. Thus, stellar environments play important roles in the formation
of HJs. The hot-Neptune desert occurs around 100 Myr in our sample. A combination
of photoevaporation and high-e migration may sculpt the hot-Neptune desert in
clusters.
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VLT MUSE observations of ultraluminous X-ray

sources
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Most ultraluminous X-ray sources (ULXs) may be powered by supercritical
accretion onto stellar mass compact objects, in which case, massive winds will be
powered and produce shock-ionized nebulae when interacting with the interstellar
medium. Here | will report VLT MUSE observations of three ULXs, trying address
questions regarding the physical nature of the bubble nebulae and the evolutionary
history of ULXs.

MR BE Bk P B Rz X S G IR I R 25 4R S E R
FR

e TIEAE
ik B XL 2 A2 B PR TR T e %) kB I 0 PR R R e i AR S A B 7 AR ) R
o I H, EBREVER RS X S 2 m R St sE IXPE XA s ik b 22 =
(Vela PWND#EAT T35 20 REPDUI, DA sks B2 E 7 Vela Bkt B =) X
SR AmM IR . R E W IR B I8 63%, &I T T R P R ST R AR BRAE, 2 A
KELSMMEBNE) X 5 B AmRIE = KR A . IXPE UL AE 48 7~ Ho 3 A T 1
[FTESE, 0k R g AL B H P R BR A

ki 2 B R g N mET T2
R FISTAS:



Pulsars after 55-year discovery: Potential

significant targets of FAST and other telescopes

KEKR BExRXXE

Insight-HXMT Detections of Hard X-Ray Tails in
Scorpius X-1

TER - PEMNERFEXNS

Using the observations of the high-energy detector of the Hard X-ray Modulation
Telescope (Insight-HXMT) for Scorpius X-1 from 2017 to 2020, we search for hard
X-ray tails in the X-ray spectra in ~30-200 keV. The hard X-ray tails are found
throughout the Z-track on the hardness—intensity diagram, and the detected hard X-ray
tails become hard and weak from the horizontal branch (HB), through the normal
branch (NB), to the flaring branch (FB). Comparing the hard X-ray spectra of
Insight-HXMT between Cyg X-1 and Sco X-1, it is concluded that the hard X-ray
spectrum of Cyg X-1 shows a high-energy cutoff, implying a hot corona in it, but the
high-energy cutoff is not seen in the hard X-ray spectrum of Sco X-1. From fitting the
broadband spectrum of Sco X-1 in ~2-200 keV, it is proposed that the hard X-ray
tails in the HB and NB can be explained by the overall Comptonization COMPTB
model, suggesting that the hard X-ray tails could have resulted from the
Comptonization of the photons from the neutron star (NS) surface by the thermal
electrons in the region between the NS and the disk and the energetic electrons in the
freefall toward the NS in the converging flow onto the NS. However, this model

cannot be responsible for the hard X-ray tails in the FB. Further study on the FB hard
X-ray tails is needed. Reference : Ding, et al. 2023, ApJ, 950, 69.

Confronting strange stars with compact-star

observations and new physics
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Strange stars ought to exist in the universe according to the strange quark matter
hypothesis, which states that matter made of roughly equal numbers of up, down, and
strange quarks could be the true ground state of baryonic matter rather than ordinary
atomic nuclei. Theoretical models of strange quark matter, such as the standard MIT
bag model, the density-dependent quark mass model, or the quasi-particle model,
however, appear to be unable to reproduce some of the properties (masses, radii and
tidal deformabilities) of recently observed compact stars. This is different if
alternative gravity theory (e.g., non-Newtonian gravity) or dark matter (e.g., mirror
dark matter) are considered, which resolve these issues. The possible existence of
strange stars could thus provide a clue to new physics.

On the moment of inertia of PSR J0737-3039A from
LIGO/Virgo and NICER

ZEE EBEiIKF

Recent multi-messenger observations, such as GW170817 from LIGO/Virgo and
the mass and radius measurements of X-ray pulsars from NICER, have significantly
enhanced our understanding of the equation of state. Taking advantage of these
available data, we delve into the investigation of the moment of inertia of PSR
J0737-3039A, assuming it to be either a hybrid star (a neutron star with a quark core)
or a quark star. Our findings suggest that if PSR J0737-3039A is a hybrid star, its
moment of inertia is approximately 1.30 x 1045 g cm2, while for a quark star, it
presents a larger value of around 1.55 % 10745 g cm2. This indicates the potential of
distinguishing between hybrid star and quark star through measurements of PSR
J0737-3039A moment of inertia.

Searching for single-frame rapid X-ray transients

detected with Chandra

SKk—I0 iEEXFE



We present a new method to identify rapid X-ray transients observed with
Chandra. They manifest themselves as three or more photons in a single CCD frame
within a point-spread-function region. In the Chandra archive, 11 such events are
discovered. Among them, two are spatially coincident with extended objects in the
Milky Way, one with the Small Magellanic Cloud, and another one with M31; the rest
have no or a dim optical counterpart, and are not clustered on the Galactic plane.
Possible physical origins of the rapid transients include short gamma-ray bursts,
short-lived hypermassive neutron stars produced by merger of neutron stars, accreting
compact objects in the quiescent state, magnetars, and stellar flares. We also identified
another single-frame event on a faint X-ray source, which is likely an active galactic
nucleus (AGN) in the cluster of galaxies Abell 3128. The flare duration and peak
luminosity suggest that it contains an intermediate-mass black hole.
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Bubble in the Whale: Identifying the Optical
Counterparts and Extended Nebula for the

Ultraluminous X-ray Sources in NGC 4631

EF  BIIKF



Rk A B S £ SR 7 T 2R AR 4
HEY R SR

Bk SR 05 6 8k 2 FBLA B e A4 2070 OMB. 5 0
B AT — LS 21000 55 3 05, L A 52 22 L4 A
LI FT BI04 st R A 528 FEL A o 0 O B B A LAk 2
0T 45 5 0 0 5 T 2. LA T 2R S A 06 T 44
AARERMZR . HMTIX—ZUR 51 TR EMIE SR . thAh, Z IR
XS R T AR A PSR, TR T K R84 B, it
PR S SR BLAR BB LHANSO FE55— T LA ) T R

BRI R IR R e D S ER R IR OB 5T

HES EEAFE

FRIE A9 R 27 2 B v W A3 o UL DNty (LHAASO) Bl A AT 1 HXH R 2R 57
HICEE Ry REAN B S 2R S O R AR, ot TSmO il &R T 5 2
B A oA ELAE F AR B BT BUH B & 2-3 i FATISE A T IeeCube MR &
T BRI SR, I LHAASO & I A R il S S EAg i h B & — AN
AR AR o FATRE— D@ B T SRR, BRI R o bkt 2 T DA R
N5 S LA S Tz e ey, IR IRANILIN 5 T 22 B A PR AL T 1 2=
B FATHIERR Y bkt 2 2= X T H R e S S 2 R A B B, RO HA
TR e R R AN S Z IR PRI PR T SRR A, S B e IR IR AR
LHAASO AR (0L A5 BT FRAT T 4 (B AN 5. FRATHR IR AR 2 5 B
25 R ST A R T RS RO AR TRT 28 SR S0 - T 4 8 A A U8 B 3 WA P AR

LHAASO XF Geminga Jikv4 B 5 00 I 3k 2

IKISS LERREAE

ik B H N O e A ) T A, FOR R, I R R REEOR
BIETHT, $OOVRR T T AN EEREL — . X7 78 2 fras A



P8 I R U B 7 20T A m RN D AR, T R — SR RBE AR R R AR,
PR MK = o WSkt B =R AA BT 1 AR R N R I8 B0 AR
Geminga »& B BRI IT . A IRIGW K B2, FIHE, FRATAT LS hn4n it
W TR BR AN BOI R, 38R HOR 2 RO L A b e B AR A%

B T 2 WL LHAASO (Large High Altitude Air Shower Observatory)
A B DY) R R, Mgk 4410 KB 1L b B8 1T TR0 s i 5
LA 2 G| R R AR o AR 5 R R 3K — e AR T O
LHAASO X Geminga [kt /2 2= (1) S8 I i fi€

i I 5 & fik v B2 ST U PR

B FERFEB SRR

NS S ok o 2 e — SR T Rk eh A R RO FR R P AR A2 Okt 2
Wz, PWND 3635 ) iy e HEL 738 0 10 R UM 77 A Bk 2 R A DS 2 R
W1 ARAT 28 SR A AE 57 3 HIGE A OB, kb R B oy 1 T e T H 2
INREARMEZE T H, XRPEM 2017 FERMESTELE THUAZ K.
Aty eI AR oK bk vt 2 = (AR ST T AT A 4, AL A S LI 2 (4 fh 2 2
fikh B T RERY P AERL ka2 X T o AR R T IR L ik 2 = XS T
FT PWN HE 7~ 1R T R 5 S o e b ik B2 B BIF 7t 0 [ 5 5 ol 4 1 P i
TeV F HICHIN B S 24k S5 i i 1) el B AT SR

Improved bounds on the bosonic dark matter with

pulsars in the Milky Way

ZidEE LA

Neutron stars (NSs) can be used to constrain dark matter (DM) since a NS can
transform into a black hole (BH) if it captures sufficient DM particles and exceeds the
Chandrasekhar limit. We extend earlier work and for the first time take into account
the Galactic motion of individual NSs, which changes the amount of the captured DM
by as large as one to two orders of magnitude. We systematically apply the analysis to
414 NSs in the Milky Way, and constrain the DM particle mass and its interaction
with nucleon simultaneously. We find that the most stringent bound is placed by a few
NSs and the bound becomes stronger after considering the Galactic motion. The



survival of observed NSs already excludes a cross section onX=10"—45 cm”"2 for
DM particles with mass from 100MeV to 1073 GeV. Especially for a mass around

10GeV, the constraint on the cross section is as stringent as  onX<107—49 cm”2
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Narrowly-Banded Bursts of FRB 20201124A as
Probes for Radiation Physics of Repeating Fast Radio

Bursts

875 LBEREIE

The radiation physics of fast radio bursts (FRBS) is an open question. Combining
observations in broad frequency coverage, we show that repeating FRB 20201124A
only outbursts in a narrow range (0.4-2 GHz). Using a large and uniform sample
obtained by the FAST telescope, we study its intrinsic spectral property and energy
function via Monte Carlo simulations. About 95\% spectral peak frequencies
($\nu_p~™{ obs}$) of the bursts are within the FAST bandpass with a typical burst
bandwidth (FWHM) of 0.16 GHz, thus representing a robust coverage of their

intrinsic energy. Our simulation analysis shows that the energy function can be



modeled as $\Phi(E)\propto E"{-0.60}e"{-E/E_c}$, where $E_c=9.49 \times
107{37}$ erg. The derived intrinsic $\nu_p$ distribution is a normal function centered
around $1.16% GHz with $0.22$% GHz standard deviation. Such a narrow range of
$\nu_p$ is distinct from those of FRB 20121102A and FRB 20190520B, which
produces narrow-banded bursts, but over a broad frequency range. It is plausible that
FRB 20201124A occurs in a fine-tuned plasma for making maser radiations at $\sim
1.16\pm 0.22$% GHz, while FRB 20121102A and FRB 20190520B could involve
clumpy plasma conditions for making masers at several specific frequencies in a
broad range. The energy function depends on the observations for these specific

frequencies.

Possible 168-day Periodicity for the Active Repeater
FRB 20201124A

P& BIXE

Periodic activity is one of the most intriguing yet least comprehended
phenomenon occurring in some of the repeating fast radio bursts (FRBs). Currently,
two active repeating FRBs, 20121102A and 20180916B, have confirmed periodicities
of ~160 days and ~16 days, respectively. The origin of these periodicities remains a
controversy. In this talk, we put endeavor to search for and analyze the periodicity of
FRB 20201124A, an active repeating FRB source first reported by CHIME/FRB. By
using all published bursts of FRB 20201124A by the end of March 2022, we find a
possible period of ~168 days and infer an activity phase of 60% for FRB 20201124A.
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MeV Gamma Rays from Neutron Star Mergers
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Neutron star mergers (NSMs) are the first verified sites of rapid neutron capture
(r-process) nucleosynthesis, and could emit gamma rays from the radioactive isotopes
synthesized in the neutron-rich ejecta. These MeV gamma rays may provide a unique
and direct probe of the NSM environment as well as insight into the nature of the r
process, just as observed gammas from the 56Ni radioactive decay chain provide a
window into supernova nucleosynthesis. Here we include the photons from fission
processes for the first time in estimates of the MeV gamma-ray signal expected from
an NSM event. We consider NSM ejecta compositions with a range of neutron
richness and find a dramatic difference in the predicted signal depending on whether
or not fissioning nuclei are produced. The difference is most striking at photon
energies above ~3.5 MeV and at a relatively late time, several days after the merger
event, when the ejecta is optically thin. We estimate that a nearby NSM could be
detectable by a next generation MeV gamma-ray detector, up to ~10000 days after

the merger, if fissioning nuclei are robustly produced in the event.
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GRB 221009A: revealing a hidden afterglow during
the prompt emission phase with Fermi-GBM

observations
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Constraining the jet composition of GRB 221009A

with the prompt TeV emission limit

i ERAFRNESZTERFFR

Recent LHAASO observations of the prompt emission phase of the
brightest-of-all-time GRB 221009A imposes a stringent limit on the flux ratio
between the TeV and MeV emissions, FTeV/FMeV < 2x10-5. Within the
framework of internal shocks, we study the internal yy absorption in GRB 221009A
by generating a set of synthetic bursts in a simulation that reproduces the observed
feature of GRB 221009A. We find that the yy absorption does not lead to an
exponential cutoff, but rather a power-law spectrum, consistent with previous works.
We further find that the attenuation due to yy absorption alone cannot explain the flux
limit ratio of GRB 221009A, suggesting a low ratio of synchrotron self- Compton
(SSC) to synchrotron emission outputs. This requires that the magnetic field energy
density is much larger than the synchrotron photon energy density so that the SSC
flux is greatly suppressed. This indicates that the jet composition of GRB 221009A is
likely Poynting-flux-dominated.

Study of the Radio-to-TeV Afterglow of GRB
221009A
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Study on VHE Afterglow Radiation of GRBs
Lu-Lu, Zhang GuangXi University
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Jetted Tidal disruption events: black hole spin, jet

components and circumneuclear medium
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A star will be destroyed by tidal forces when it passes close enough by a
supermassive black hole (SMBH). These events known as TDEs are expected to
produce luminous flare emission in the UV to X-ray band. The observations of Sw
J1644+57, in particular, suggest that at least some TDEs can launch an on-axis
relativistic jet. A common speculation is that these rare events are related to rapidly
spinning BHSs, and the jet is powered by the Blandford-Znajek mechanism. Until now,
four on-axis jetted TDEs were detected, i.e., Sw J1644+57, Sw J2058+05, Sw
J1112.2-8238 and recently AT2022cmc. The rich obervation data (e.g., X-ray QPOs,
radio data etc.) enable us to explore the properties of BH, jet and circumneuclear
medium (CNM).In this talk, I will present our constraints on BH spin, jet components
and CNM profile.

A model for X-ray quasi-periodic eruption sources

BSREE  PLKE

X-ray quasi-periodic eruptions (QPES) are sources that show high-amplitude (i.e.,
<10~ 100) and recurrent X-ray bursts, each burst lasting for sub- to a few hours and
separated by longer and stable low-flux levels. We study four well-observed QPEs,
and show that they could be explained by the periodic mass transfer from a white
dwarf (WD), or from a main sequence star in one source) that orbits a massive black
hole (BH). The WD momentarily fills its Roche lobe at each pericentre passage. Some
of the overflow is stripped, and then accreted by the central BH, producing an X-ray
burst. We find that the orbital eccentricities of the donors are all on the high end, i.e., >
0.9. The mass ratio between the black hole and the WD is typically ~105 which
categorizes them as extreme-mass-ratio inspirals.

An extensive study of blazar broad emission lines

Hifk LEIWeXZ

In this talk, our aim is to introduce the connection between the two types
ofemission by investigating the correlation between the blazar emission-line intensity
property, which embodies thenature of an accretion disk, and the y-ray flux property,



which is representative of jet emission. We compiled asample of 656 blazars with
available emission-line equivalent widths (EWs), the GeV y-ray flux, and the
spectralenergy distribution (SED) information from the literature. In this work, we
found 55 previous blazar candidates ofuncertain types (BCUs) that are now identified
as flat-spectrum radio quasars (FSRQs), and found 52 “changing-look” blazars based
on their EWSs, 45 of which are newly confirmed. These changing-look blazars have a
larger accretion ratio than BL Lacertae (BL Lac) objects. In addition, we suggest that
the lower synchrotron peak blazars (LSPs) could be the source of changing-look
blazars because 90.7% of the changing-look blazars in this work are confirmed as
LSPs. An anti-correlation between EW and continuum intensity, the so-called global
“Baldwin effect” (BEfY), has been confirmed. We suggest that the steeper global BEff
observed for the blazar than for radio-quiet active galactic nuclei (RQ-AGNS) is
caused by the inverse Compton scattering of broad-emission- line photons. This
interpretation is further supported by the positive correlation between
theemission-line EW and intrinsic inverse Compton luminosity.
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Inter-band time lags of strongly inhomogeneous

quasar accretion disks
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Inconsistent conclusions on quasar accretion-disk sizes are obtained by
continuum reverberation-mapping observations and microlensing measurements. On
the one hand, recent continuum reverberation-mapping observations suggest that
quasar inter-band time lags are roughly consistent with the X-ray light-travel-time
delays in the Shakura & Sunyaev disk (SSD). On the other hand, quasar microlensing
measurements favor larger-than-expected half-light SSD radii. One possible model to
explain the larger-than-expected half-light SSD radii is the inhomogeneous disk
model proposed by Dexter & Agol (2011). In this work, we calculate the X-ray
light-travel-time delays of the inhomogeneous disk model in the framework of the
lamppost X-ray reprocessing. We find that the resulting inter-band time lags are
almost identical to those of the SSD. Hence, the inhomogeneous disk model has can
address the inconsistency between the continuum reverberation mapping and
microlensing observations in quasars but produce shorter-than-observed inter-band
time lags in Seyfert 1 galaxies. Hence, inhomogeneous temperature fluctuations in
accretion disks are not the only physical process that controls disk size
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Binary black hole merger and accretion in AGN

disks
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Magnetized Accretion Disks with Outflows for

Changeing-look AGNs
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Changing-look active galactic nuclei (CL-AGNSs) challenges the standard
accretion theory owing to its rapid variability. Recent numerical simulations have
shown that, for the sub-Eddington accretion case, the disk is magnetic
pressure-dominated, thermally stable, and geometrically thicker than the standard disk.
In addition, outflows were found in the simulations.

Observationally, high blueshifted velocities absorption lines indicate that
outflows exist in AGNs. In this work, based on the simulation results, we investigate
the magnetic pressure-dominated disk, and find that the accretion timescale is
significantly shorter than that of the standard thin disk.

However, such a timescale is still longer than that of the CL-AGNs.Moreover, if
the role of outflows is taken into account, then the accretion timescale can be even
shortened. By the detailed comparison of the theoretical accretion timescale with

the observations, we propose that the magnetic pressure-dominated disk

incorporating outflows can be responsible for the rapid variability of CL-AGNSs.

The CNM profile of jetted TDE AT2022cmc

BiF EhRiAY

When a star passes too close to a supermassive black hole, it will produce a
multi-band emission phenomenon, which is called tidal disruption events(TDEs). In a
very few TDEs, the existence of relativistic jet was detected. It provides a rare and
unique tool to investigate quiescent supermassive black hole at high redshift and the
circumneuclear environment. Recently, an optical discovered TDE AT2022cmc
(z~1.193) at a high distance providing rich multi-band data. According to its
multi-band emission, it was regarded as a TDE with a relativistic jet. In this work, we
firstly employ the Closure Relation method on AT2022cmc, and then perform
multi-band fit to the radio and optical data with our forward shock code. We find the
CNM density profile of AT2022cmc is consist with a Bondi-like profile like Swift
J1644+57. We also find that the X-ray emission of AT2022cmc can be detected by
Einstein Probe.
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Tidally-induced Magnetar Super Flare at the Eve of

Coalescence with Its Compact Companion
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In the late inspiral phase of a double neutron star (NS) or NS—black hole system
in which one NS is a magnetar, the tidal force on the magnetar arisen from its
companion will increase dramatically as the binary approaches. The tidal-induced
deformation may surpass the maximum that the magnetar’s crust can sustain just
seconds or subseconds before the coalescence. A catastrophic global crust destruction
may thus occur, and the magnetic energy stored in the magnetar’s interior will have
the opportunity to be released, which would be observed as a superflare with energy
100s of times larger than giant flares of magnetars. Such a mechanism can naturally
explain the recently observed precursor of GRB 211211A, including its quasiperiodic
oscillation. We predict that in the coming gravitational wave O4/05 period, there
could be a fraction of detected double NS mergers associated with such super flares.
If observed, copious information on the structure and magnetic field in an NS interior
can be obtained, which is hard to study elsewhere.



A Model for Type-IIP Supernovae with Medium

Recombination Approximation

BRM LEBRKFBUEARRT

Sgr Ax exhibits flares at various wavelengths, but their origin remains unclear.
Magnetic flux ropes emerging from the black hole are one of the possible candidates
for explaining the observed flares. Based on 3D two-temperature GRMHD
simulations of magnetized accretion flows with multi-loop magnetic loops, we
calculate the non-thermal emissions from the magnetic flux ropes using a kappa
non-thermal electron distribution function (eDF). In kappa eDF, we use a variable
kappa sub-grid model based on turbulent and magnetic reconnection acceleration
scenarios. In a variable kappa model based on the turbulent acceleration scenario, we
can reproduce the observation of near-infrared flares and broadband spectral energy
distribution (SED) from the non-thermal emission from the magnetic flux ropes. In
the flux variability, we also found an 11-minute time lag between the near-infrared
and submillimeter flares. The spatial separation of the flaring regions at different

frequencies is responsible for the time delay.

Polarization Signature of Companion-Fed

Supernovae Arising from BH-NS/BH Progenitor Systems
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The formation of black hole-neutron star (BH-NS) or BH-BH systems may be
accompanied withspecial supernova (SN) signals, due to the accretion feedback from
the companion BH. The additionalheating, which is mainly attributed to the
Blandford-Payne mechanism, would disrupt the isotropicnature of the luminosity
distribution on the surface of the SN ejecta, leading to the appearance ofpolarization.
Here we develop a three dimensional (3D) Monte Carlo polarization simulation code

(MCPSC) to conduct simulations for these special SNe. We find that the
maximum polarizationlevel of approximately ~ 2% occurs at the peak time of SN
emission in the “close-binary” scenario,while in the “faraway-binary” case, maximum

polarization (i.e. ~ 0.7%) is observed at a considerablylater time than the peak of the



SN. The magnitude of polarization is dependent on the degree ofunevenness in the
luminosity distribution and the angle between the line of sight and the
equatorialdirection. When considering the geometric distortion of supernova ejecta at
the same time, themagnitude of polarization may either increase (for a oblate
ellipsoidal shape) or decrease (for a prolateellipsoidal shape). The polarization
signatures represent a promising auxiliary instrument to facilitatethe identification of
the companion-fed SNe. Moreover, by comparing the event rate of these specialSNe
with the event rate density of LIGO-Virgo detected BH-NS/BH systems could further
help todistinguish the BH-NS/BH formation channel
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Anisotropic neutrinos and gravitational waves from
black hole neutrino-dominated accretion flows in
fallback core-collapse supernovae
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Fallback in core-collapse supernovae (CCSNe) plays an important role in
determining the properties of the central compactremnants, which might produce a
black hole (BH) hyperaccretion system in the centre of a massive CCSN. When the

accretionrate is extremely high and neutrino cooling is dominant, the hyperaccretion



should be in the phase of the neutrino-dominatedaccretion flows (NDAFs), and thus a
large number of anisotropic MeV neutrinos will be launched from the disc along
withthe strong gravitational waves (GWSs). In this paper, we perform a series of
one-dimensional CCSN simulations with the initialexplosion energy in the range of
2—8 B (1 B = 10”51 erg) to investigate the fallback processes. By considering the
evolutionof the central BH mass and spin in the fallback accretion, we present the
effects of the initial explosion energies, masses, andmetallicities of the massive
progenitor stars on the spectra of anisotropic MeV neutrinos and the waveform of
GWs from NDAFs.These neutrino or GW signals might be detected by operational or
future detectors, and the multimessenger joint detectionscould constrain the properties
of CCSNe and progenitor stars.

Gravitational Waves Radiated from Binary System in

Dynamical Chern-Simons Gravity

=i PEMERARZERER

Dynamical Chern-Simons (DCS) gravity is one kind of parity-violating theory,
which induces the amplitude birefringence effect during the gravitational waves (GWs)
propagating in the expanding universe. Another important probe to test this gravity is
the binary black hole system and its gravitational radiation, which requires the
accuracy template describing the inspiral phase of the binary coalescences process.
Compared with another scalar-tensor gravity, we find that DCS modification is at least
the 2PN-order correction to General Relativity, and does not produce extra
polarization modes. In this talk, 1 will introduce my recent work, in which the
gravitational waveforms are given in the post-Newtonian framework, including the
long-timescale orbital evolution and the ready-to-use frequency-domain waveform.
Future third-generation ground and space-based GW detectors will hopefully detect
the higher PN waveform. Our results can be used for GW signal extraction, detector
ability prediction, and gravitational test in future work.
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“final-parsec problem”
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A dedicated gravitational wave burst search method

for space-borne detectors

RIE PLKREFE

The millihertz gravitational wave band is a rich source of signals for space
gravitational wave detectors. These signals include not only the expected bursts from
binary star mergers but also unmodeled and unexpected ones. In this paper, we
propose a generic search method to distinguish these signals from instrumental noise
in the simulated data of the TianQin gravitational wave detector. Our method targets
gravitational-wave bursts with durations from a few seconds to 10,000 seconds and
frequencies from 0.1mHz to 1 Hz, without assuming any prior information about their
direction, polarization, or morphology. We use time-frequency analysis to obtain the
energy distribution of the data and identify signal candidates by clustering. We then
exploit the different responses of signal and noise transients in signal-insensitive
channels to construct suitable detection statistics based on the energy values of
different channels. We find that our method can detect burst signals with
signal-to-noise ratios above 20 with 97.4 % detection efficiency at a false alarm rate
of one per year. However, this result depends on the mean interval between noise

transients.
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The MeV Astrophysical Spectroscopic Surveyor (MASS) is a future mission
concept for a large area Compton telescope based on 3D position-sensitive cadmium
zinc telluride (CZT) detectors optimized for emission line detection. The CZT
detector works at room temperature with a spectral resolution of 0.6% at 0.662 MeV,
enabling us to construct a Compton telescope with a geometric area of 4096 cm”2 in

the frame of a small satellite, to measure astrophysical nuclear emission lines and



address a variety of related astrophysical questions. In the next year, we will fly a
CubeSat to have a direct test of the technique in space and observe the brightest
emission lines in the sky.
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Interacting Kilonovae: Long-lasting Electromagnetic
Counterparts to Binary Mergers in the Accretion Disks of

Active Galactic Nuclei
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We investigate the dynamics and electromagnetic (EM) signatures of neutron
star—neutron star (NS—-NS) or neutronstar—black hole (NS-BH) merger ejecta that
occur in the accretion disk of an active galactic nucleus (AGN). Wefind that the
interaction between ejecta and disk gas leads to important effects on the dynamics and
radiation. Weshow five stages of the ejecta dynamics: gravitational slowing down,
coasting, Sedov—Taylor deceleration in thedisk, reacceleration after the breakout from
the disk surface, and momentum-conserved snowplow phase.

Meanwhile, the radiation from the ejecta is so bright that its typical peak
luminosity reaches a few times10743-10744 erg s"—1. Since most of the radiation
energy has converted from the kinetic energy of merger ejecta, wecall such an
explosive phenomenon an interacting kilonova (IKN). It should be emphasized that
IKNe are verypromising, bright EM counterparts to NS-NS/BH-NS merger events in
AGN disks. The bright peak luminosityand long rising time (i.e., 10 to 20 days in UV
bands, 30 to 50 days in optical bands, and 100 days to hundreds ofdays in IR bands)
allow most survey telescopes to have ample time to detect an IKN. However, the peak

brightness, peak time, and evolution pattern of the light curve of an IKN are
similar to a superluminous supernovain a galactic nucleus and a tidal disruption event
making it difficult to distinguish between them. But it alsosuggests that IKNe might

have been present in recorded AGN transients.
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r-Process Radioisotopes from Near-Earth
Supernovae and Kilonovae
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The astrophysical sites where r-process elements are synthesized remain
mysterious: it is clear that neutron-star-mergers (kilonovae, KNe) contribute, and



some classes of core-collapse supernovae (SNe) are also possible sources of at least
the lighter r-process species. The discovery of 60Fe on the Earth and Moon implies
that one or more astrophysical explosions have occurred near the Earth within the last
few Million years (Myr), probably SNe. Intriguingly, 244Pu has recently been
discovered in deep-sea deposits spanning the past 10 Myr, a period that includes two
60Fe pulses from nearby supernovae. 244Pu is among the heaviest r-process products,
and we consider whether it was created in the supernovae, which is disfavored by
nucleosynthesis simulations, or in an earlier kilonova event that seeded 244Pu in the
nearby interstellar medium that was subsequently swept up by the supernova debris.
We discuss how these possibilities can be probed by measuring 244Pu and other
r-process radioisotopes such as 1291 and 182Hf, both in lunar regolith samples
returned to Earth by missions such as Chang'e and Artemis, and in deep-sea deposits.
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The High-Energy Detection Data Integration
Analysis Tool and the Application in Gamma-Ray Burst

Study
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Gravitational-Wave Cosmology with DECi-hertz

Interferometer Gravitational-wave Observatory

BRI

It has been a half-decade since the first direct detection of gravitational waves,
which signifies the coming of the era of the gravitational-wave astronomy and
gravitational-wave cosmology. DECi-hertz Interferometer Gravitational-wave
Observatory (DECIGO) is a future Japanese space gravitational-wave antenna,
sensitive to frequency range between target frequencies of LISA and ground-based
detectors. In this talk, 1 will give a brief introduction of the status report of DECIGO,
focusing on its extensive applications in cosmology, fundamental physics and
astrophysics.

Constrain Primordial non-Gaussianity with 21-cm
Power Spectrum and Bispectrum from the Epoch of

Reionization

285N CYNE

Measuring primordial non-Gaussianity (PNG) with next generation surveys will
help distinguish different inflation models. We investigate the detectability of the local
template PNG, fNL, by measuring the 21-cm power spectrum and bispectrum from
the Epoch of Reionization (EoR). For the first time, we model the bispectrum in
redshift space during EoR and forecast the constraint of PNG using Fisher formalism.
We find that 21-cm  bispectrum can improve the constraint from power spectrum. A
cosmic-variance-limited experiment can constrain fNL with error about 0.1,
combining the power spectrum and bispectrum measurements at four redshift bins.
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dark energy on different scales and its detection in

the Milky Way

SKIE  SRSYIIERA

The origin and nature of dark energy is one of the most significant challenges in
modern science. This research aims to investigate dark energy on astrophysical scales
and provide a cosmology-independent method to measure its equation-of-state
parameter w. To accomplish this, we introduce the concept of a perfect fluid in any
static, curved spacetime, and express the energy-momentum tensor of the perfect fluid
in a general isotropic form, namely Weinberg's isotropic form. This enables us to
define an equation-of-state parameter in a physical and global manner. Within this
theoretical framework, we demonstrate that the energy-momentum tensor of dark
energy on different scales can take the general isotropic form. Furthermore, we
explore the SdSw spacetime and establish its connection with dark energy in
cosmology through the equation-of-state parameter w. In the SdSw spacetime, a
repulsive dark force can be induced by dark energy locally. We then apply the concept
of the dark force to realistic astrophysical systems using the Poisson equation. Finally,
we find that an anomaly in the Milky Way rotation curve can be quantitatively
interpreted by the dark force. By fitting the galactic curve, we are able to obtain the
value of the equation-of-state parameter of dark energy, independently of specific
dark energy models.

Detection of pairwise KkSZ effect with DESI galaxy

clusters and Planck in Fourier space



We report a 4.5 detection of the kinetic Sunyaev—Zel’dovich (kSZ) effect in
Fourier space, by combining the DESI galaxy clusters and the Planck data. The
galaxy cluster catalog is constructed from the DESI Legacy Imaging Surveys DR,
and the summary statistic we adopt is the density-weighted pairwise kSZ power
spectrum. For measuring the power spectrum, we apply the Aperture photometry (AP)
filter to locations of those galaxy clusters on the CMB sky and extract the
cossponding kSZ signals. Then we cross correlate the cluster density field and the
kSZ signal (essentially the cluster momentum field) and output the pairwise kSZ
power spectrum. By fitting the measurement with a robust non-linear theoretical
model, we identify the average optical depth of cluster sample to be
(3.3\pm0.6)\times107{-5}, with a median mass 6.1\times10"{13}M_{\odot}/h of
the sample . We also vary the richness, mass cut of the catalog, the size of the AP filter
to see how the optical depth evolves with them.
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Testing the spatial geometry of the universe with
TianQin: the prospect of using supermassive black hole

binaries

my  ERHREEAE

The determination of the spatial geometry of the universe plays an important role
in modern cosmology. Any deviation fromthe cosmic curvature QK = 0 would have a
profound impact on the primordial inflation paradigm and fundamental physics. In
this paper, we carry out a systematic study of the prospect of measuring cosmic
curvature with the inspiral signal of super?massive black hole binaries (SMBHBS)
that could be detected with TianQin.The study is based on a
cosmological-model-independent method that extended the application of
gravitational wave (GW)standard sirens in cosmology. By comparing the distances
from future simulated GW events and current cosmic-chronometer (CC)Hubble data,
we evaluate if TianQin would produce robust constraints on the cosmic curvature
parameter Qk. More specifically, weconsider 1-yr to 10-yr observations of
supermassive black hole binaries with total masses ranging from 10"3M? to
1077M? .Our results show that in the future, with the synergy of 10-yr high-quality
observations, we can tightly constrain the curvatureparameter at the level of 16 Q k=
0.037 +=0.043. Moreover, our findings indicate that the total mass of SMBHB does
influencethe estimation of cosmic curvature, implied by the analysis performed on
different subsamples of gravitational wave data. Therefore, TianQin is expected to
provide a powerful and competitive probe of the spatial geometry of the universe,

compared to future spaced-based detectors such as DECIGO.
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Strongly Lensed Transient Sources
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Simulation-guided Galaxy Evolution Inference: A

Case Study with Strong Lensing Galaxies

TFE  g22lXNE

Testing General Relativity via Strongly Lensed FRB

IR =R AZEPEREASRRET

This study aims to investigate the strong gravitational lensing effects of the f(T)
gravity in astrophysics. We have focused on studying the theoretical expressions for
the lensing effects in this gravity theory and have considered the lensing effects of f(T)
gravity in a plasma environment. By simulating lensed Fast Radio Bursts (FRBs), we
analyze the differences between the lensing effects in the ideal vacuum environment
predicted by General Relativity and the lensing effects of f(T) gravity in a plasma



environment, including deflection angles, time delays, and magnifications. The results
indicate that with the lensing effects predicted by General Relativity as a reference in
a plasma environment, f(T) gravity can produce imaging at the same positions but
with significant differences in magnifications and time delays. Therefore, when there
are significant discrepancies between observational results and theoretical
expectations, these differences can serve as clues for modifying the gravity theory and
provide constraints on the parameter in f(T) gravity. This study provides theoretical
guidance for further utilizing gravitational lensing effects to validate and constrain the
f(T) gravity.
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Strong gravitational Lensing in the Era of Big Data

= ExRXXE

Gravitational lensing has become one of the most powerful tools available for



investigating the "dark side" of the Universe. Cosmological strong gravitational
lensing, in particular, probes the properties of the dense cores of dark matter halos and
offers the opportunity to study the distant Universe at flux levels and spatial
resolutions otherwise unavailable. Moreover, with the capabilities of next-generation
telescopes, astrophysics and cosmology are stepping into the big data era, i.e., tens of
billions of objects will be observed. Hence, it requires automated approaches for
identifying and modeling strong lenses in such enormous datasets. In this presentation,
I will first indroduce a pipeline for the automated analysis of strong gravitational
lenses by adopting machine learning algorithms, then present its performance on
simulated data created by a lensing simulation program named PICS. The pipeline is
being applied to DESI Legacy Imaging Surveys for testing its reliability on real
observations, and will be included in the data processing pipeline for CSST.
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How Does the Angular Momentum of Dark Matter

Halos Determine Galaxies’ Properties?

e BIIXFE

In our series of studies using the IllustrisTNG simulations, we have investigated
the structures of galaxies and gained valuable insights into their formation and
evolution. By accurately defining structures based on the kinematics of stellar
particles, we have found that both bulge and disk structures form naturally, while
stellar halos are formed through mergers. Thus, the properties of bulge and disk are
primarily influenced by their host dark matter halos.

Our recent research reveals that the local js—Ms relation, also known as the Fall
relation, emerges in disk galaxies at z<1. The index of 0.55 in the js—Ms relation
arises from the indices of the jdm—Mdm relation (angular momentum and mass of
dark matter) and the stellar-to-halo mass relation. Notably, we observe a significant
deviation from the predicted jdm o<Mdm”2/3 relation based on the tidal torque
theory. This indicates that angular momentum is approximately conserved during the
assembly of disk-like structures and plays a crucial role in determining disk growth
and galaxy size.
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Uncovering Correlations between Galaxy
Parameters and Dynamical Structures through

Unsupervised Learning of IllustrisTNG Simulation Data

5 EBIXE

We attempt to apply unsupervised learning methods to the correlation research of
galaxy parameters and their kinematic structures. We used principal component
analysis (PCA) to normalize and downscale the parameters of disk galaxies from
ustrisTNG, preserving 90% of the information. We analyze the correlation between
the downscaled parameters and the mass or mass fraction of the galaxy structure
(including dynamically decomposed disks, bulges, and stellar halos and
morphologically decomposed bulges) by the Maximum Inter-Information (MIC)
method. It is found that there is a coupling between mass (including black holes,
stellar and dark matter halos), centrality, and quenching, and that there is a correlation
with mass in logarithmic space for each component, and not so much with the mass
fraction. There is a correlation between the component mass fraction relations,
especially for disk structures, and the coupling of the merger history and rotationality.
Furthermore, by limiting the mass fraction of the stellar halo and reducing the impact
of the merger effect, it is concluded that (1) for naturally evolving galaxies, the
merger history and the galaxy mass together determine the mass share of the
dynamical bulge, followed by the angular momentum of the host dark matter halo; (2)
the morphology-based bulge component is almost exclusively dominated by the
merger history; (3) the influence of the disk component has a similar effect as the
bulge are similar; (4) the correlation between star formation history and black hole



and galaxy structure is weak.

The diverse gas-phase metallicity gradients in

high-redshift galaxies from FIRE2 simulations.

L RERSRAE

We analyze the high-redshift galaxy spatially resolved chemical profiles using
the cosmological zoom-in hydrodynamic simulations created as part of the the
Feedback in Realistic Environments-2 project. We find that the radial gradient of
gas-phase metallicity is usually negative after the thin disk formation during galaxy
evolution. However, in the early evolutionary phase, galaxies can show strongly
inverted (i.e. positive) radial gradients at high redshifts. We find a causal link between
high specific star formation rate (SSFR) and the manifestation of inverted gradients.
This is likely induced by metal-enriched gas outflows generated by strong galactic
winds which push high metallicity gas outward, leading to the occurrence of inverted
gradients. The occurrence rate of inverted gradients in FIRE-2 simulations is around
10 percent, consistent with current observations in high-redshift galaxies. Our work
presents an important benchmark comparison between state-of-the-art numerical
simulations and observations on the chemo-structural evolution of high-z galaxies.

What Can Bulge Do to Star Formation Rate in Paired

Galaxies

@)l ExRXXE

Galaxy interaction can induce star formation enhancement, however, such
enhancement is conditional, which can be affected by many factors such as separation
distance, mass ratio, environment, interaction phase, and orbital parameters. It is still
controversial on what are the necessary and sufficient physical conditions for strong
star formation enhancement to happen in paired galaxies. The FIR observations (by
Spitzer and Herschel) on a sample of Ks-band-selected close major-merger pair
(KPAIR) show that only SFGs in spiral-spiral pairs have significantly enhanced sSFR,

but not those in spiral-elliptical pairs. Simulations of interacting galaxies have shown



that a massive bulge can stabilize the disk and suppress the SFR during and after close
encounters. We (He+2022) study the B/T of SFGs in a subsample of KPAIR,
H-KPAIR. We found significantly lower B/T for SFGs in S+S pairs than their S+E
counterparts, especially, a larger fraction of disky galaxy (B/T<0.1) is found in S+S
subsample. We found a negative dependence of the interaction-induced sSFR
enhancement on the bulge-to-total ratio (B/T), and this can be a reason for the
sSFR_enh difference between S+S and S+E cases. Significant SSFR_enh is found for
paired SFGs with low B/T. These results are consistent with the prediction of
theoretical simulations. However, disky SFGs (B/T < 0.1) have very diversified
sSFR_enh. Furthermore, for disky galaxies, significant SSFR_enh is still absent in
S+E cases. It appears that the pseudobulges (pseudobulge galaxies are regarded as
B/T=0) act differently from the classical bulge. The pseudobulges can either associate
with nuclear/circum-nuclear starbursts or with SFR-quenched bar/ring structure. We
found S+E are more likely to locate in relatively higher local density regions. The
differences in environment preference between S+S and S+E pairs also lead to
different collision scenarios and cause different SF performances (He+23 in prep.).

Constraints on the Cosmic Star Formation History

via a new modeling of the SFG radio luminosity function

EXR  HEERE

Understanding the formation and evolution of galaxies through the cosmic time
is a major quest of modern cosmology. One of the most fundamental processes
driving the evolution of galaxies is star formation. Star formation rate density (SFRD)
is thus a critical parameter for galaxies. In the past decades, a lot of research based on
multiwavelength aspects has been devoted to an accurate measurement of the cosmic
evolution of SFRD. Remarkable progress has been made on this, and the SFRD is
now well understood up to z ~ 3, when the universe was no more than 3 Gyr old.
Moreover, deep radio surveys reaching sub-mJy detection limits have emerged as a
powerful tool to investigate the cosmic evolution of star-forming galaxies (SFGs). In
this work we make use of the VLA-COSMOS 3 GHz data to measure the radio
luminosity functions (LFs) of SFGs. We use models which consider a combination of
density and luminosity evolutions to fit the LFs directly to the radio data using a full



maximum likelihood analysis. We have fully considered the effect of completeness
corrections of sample. In order to obtain better constraints on LFs, we also added the
local LF as well as the source counts of SFGs on the faint end. The parameters of
fitting are determined through the Bayesian Markov Chain Monte Carlo (MCMC)
approach. In addition, to provide an alternative nonparametric LF estimate for SFGs,
we applied the kernel density estimation (KDE) method described by our previous
work. Based on these LFs, we are able to place better constraints on the evolution of
the cosmic SFRD.

The Formation and Evolution of Compact Stellar

Systems in the IllustriousTNG Simulation

U

Compact stellar systems (CSSs), characterized by 8<logM<10 and Re<0.6kpc,
include super massive star clusters (SSCs), ultra-compact dwarfs (UCDs), and
compact ellipticals (CEs), have been explained by various formation scenarios. They
are mostly found in galaxy groups or clusters, but observations have also shown their
existence in isolated environments. Therefore, the evolutionary process of CSSs is the
result of the combined action of internal and external factors, which has always been a
topic of debate in the process of galaxy evolution.

In this case, comparing the formation and evolution of CSSs in different
environments can help extract the causal relationships between observational
phenomena and physical processes more accurately. The IlustrisTNG simulation
provides us with such an opportunity. Based on its most accurate version, TNG50-1,
which takes into account both the number of samples and simulation accuracy. We
quantified and compared the changes in galaxy structure and chemical element
enrichment in CSSs by selecting appropriate simulation parameters and tracing their
evolutionary history.

Our results demonstrate a bimodal distribution of metallicity among CSSs in
TNG50-1. In contrast to previous understanding that CSSs generally form through the
tidal stripping of surrounding massive galaxies in high-density environments. 52% of
CSSs in TNG50-1 belong to a population with comparatively low metallicity, with 80%
of them forming in isolated or field environments without massive galactic



companions. The remaining CSSs are found in the sparser regions of groups/clusters.
On the other hand, the populations with high metallicity, characterized by a different
stellar age composition, predominantly reside in galaxy groups and cluster
environments. In this scenario, the environment plays a crucial role in shaping the
metallicity levels of CSSs. It stimulates stellar formation and imposes constraints that
amplify the metallicity of newly generated stars.

A logically consistent perspective allows for the understanding of these two
distinct formation channels (tidal stripping + environmental regulation and
born-to-be), i.e., The effects of tidal stripping and environmental constraints become
evident only when satellite galaxies are in close proximity to high-gradient
gravitational field environments, which can lead to the formation of high metallicity
CSSs, and there exists an excess of high-density CSSs-bearing subhalos close to
massive ones within each massive halo.
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Formation of a magnetically arrested disk around a

black hole

RFE HXKZE

X-ray Point Sources Inside Galaxy Halos: A
Comparison of Virgo and the field Galaxies

BAfURR  RRAE

The stellar halo is a large spherical component of a galaxy. Due to its extended
shape and low density, the halo can be reshaped by interactions between the host
galaxy and its environment. For example, galaxy halos in galaxy clusters differ from



those in the field due to interactions with the intracluster medium or the neighboring
galaxies. X-ray binaries are a useful tracer for stellar components, revealing the
structure of galaxy halos. In this report, we compare the distribution of X-ray point
sources in the halos of Virgo and the field galaxies. We find an excess of sources in
the halos of Virgo galaxies, with an enhanced excess on the leading side compared to
the other side, an effect not observed in the field galaxies. We suggest that this excess
can be linked to enhanced star formation by ram pressure stripping in the cluster
environment.

An Escaping Outflow in a Galaxy with an

Intermediate-mass Black Hole

AR FERERAF
While in massive galaxies active galactic nuclei (AGN) feedback plays an
important role, the role of AGN feedback is still under debate in dwarf galaxies. With
well spatially resolved data obtained from the Multi-Unit Spectroscopic Explorer
(MUSE), we identify a spatially extended (~ 3 kpc) and fast (V_80 ~ 471 km s—1)

AGN-driven outflow in a dwarf galaxy: SDSS J022849.51- 090153.8 with M_x ~
1079.6 M© that host an intermediate-mass black hole of M_BH ~ 105 M© and

L_AGN/L_Edd ~ 0.15. Through the measurement of the rotation curve, we estimate
the escape velocity of the halo and the ratio of the outflow velocity to the halo escape
velocity to be 1.0940.04, indicating that the outflow is capable of escaping not only
the galaxy disk but the halo. The outflow size of our AGN is found to be larger than
AGN in massive galaxies at the given AGN [O I11] luminosity, while the

size of the photo-ionized narrow-line region is comparable. These results suggest
the important role of AGN feedback through outflows in dwarf galaxies when their
central intermediate-mass black holes accrete at high-Eddington ratios.
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Probing the Interplay between Active Galactic

Nuclei Strength Activity and Star Formation

Huynh Anh N. Le  FRERIZHRAKE

In this talk, we present the study of the interplay between nuclei strength activity
and star formation (SF) in their host galaxies in Active Galactic Nuclei (AGNSs). This
interplay also called AGN feedback plays a significant role in understanding the
growth of supermassive black holes (SMBHSs) and their host galaxies. People try to
find answers to the following questions: how is the correlation and connection
between AGN strength activity and SF in their host galaxies? How does AGN strength
activity influence the interstellar medium in their host galaxies and trigger SF? Does
the energy output from nucleus activity suppress or compress the gas component from
the host galaxies, leading to quenching or enhancing SF? However, many diverse
results have been obtained. Therefore, we have carefully controlled some main factors
that may cause the contradicting results e.g., the challenge of star formation rate
estimation, the inaccuracy of AGN strength measurements, and the sample selection
effect. Using the latest and multiwavelength spectroscopic data (both integrated and
high spatially resolved spectra), we constructed a large sample of AGNSs for probing
AGN physical properties, including the kinematic properties of ionized and molecular
gas outflows, AGN feedback, the coevolution between AGN strength activity and SF.
In this talk, we present some preliminary results of our studies e.g., the discrepancies
of different SFR tracers and the well correlation between AGN strength (Eddington
ratio luminosity) with SFRs.



The High Energy Mechanism for Active Galactic

Nuclei: from Gamma-ray to Neutrino Emission

XEIT  TINKRE

In this talk, I will review our recent progress and important findings on the high
energy mechanism for active galactic nuclei (AGN). | will also talk about the
relativistic jet property and beaming effect within gamma-ray, TeV and neutrino
emission for AGNs detected by the Fermi-Large Area Telescope (Fermi-LAT).
Principally, we come to the results and conclusions as follows:

(1) We present an effective method by means of the beaming effect to estimate
four crucial parameters, including the upper limit of central black hole mass M, the
Doppler factor 6, the location of y-ray-emitting region Ry, and the propagation angle
with respect to the axis of the accretion disk , for more than 800 gamma-ray blazars.
We put forward an updated demarcation between BL Lacertae objects (BL Lacs) and
flat-spectrum radio quasars (FSRQs) based on the relation between broad-line region
luminosity and disk luminosity both measured in Eddington units, i.e., Ldisk/LEdd =
4.68X10-3, indicating that there are some differences between BL Lacs and FSRQs on
the accretion power in the disk;

(2) By adopting a two-component model of emission within jets, we successfully
separated the emission of radio, X-ray, GeV and TeV into beamed and unbeamed
contributions for the largest sample of Fermi blazars up to now. Our results suggest
that the emission is mainly from the core/beamed component in gamma-ray blazars;

(3) The location of gamma-ray-emitting region in blazars has been an open issue
for several decades and is still being debated. We use a large sample of
gamma-ray-loud FSRQs with available spectral energy distributions and employ a
so-called “seed photon factor approach” to locate the y-ray production region. We
principally ascertain that the GeV emission originated far beyond the broad-line
region (BLR) and close to the molecular dusty torus (DT)—farther out at parsec
scales from the central black hole, which supports a far-site scenario for y-ray blazars.
We probe the idea that inverse Compton scattering of infrared seed photons is
happening in the Thomson regime. We also suggest that our method can also indicate
the location of neutrino emission, in consideration of the neutrinos and y-rays being
cospatially produced within the same region. We compute the predicted neutrino

energy for the overall sample and find ev for two frameworks of far-site scenario and



near-site scenario are comparable with >>1 PeV, satisfying our general expectation
that blazars are optimal production factories for PeV-EeV energy neutrinos in the
extra- galactic y-ray sky;

(4) We use a parabolic equation to fit the Inverse Compton (IC) spectral
component of 3743 blazars from the 4FGL-DR3 catalog and estimate IC peak
frequencies. Our analyses draw the main conclusion that the Bayesian classification
shows two components with a dividing boundary of log (vIC) =22.9 Hz, thus the large
sample of blazars can be divided into low IC peak frequency (LCP) blazars and high
IC peak frequency (HCP) blazars. We also find the beaming effect is stronger for the
source with a lower IC peak frequency. The tight correlation between IC peak
frequency and y-ray photon spectral index is also obtained. Therefore, we can
estimate the IC peak frequency by available y-ray photon index via this relation.
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Mapping the Circumgalactic Medium and

Intergalactic Medium through Lya Emission

ZREFE CRAL - Observatoire de Lyon, France

Based on the extremely deep MUSE observation on the Hubble Ultra Deep Field,
we map the emission from the intergalactic medium and the circumgalactic medium at



the physical scale of hundreds of kpc. For Lya emitters at 3<z<4, we observe an
average blueshift of the Lya line from the galaxy center to approximately 60 kpc. This
provides evidence for the presence of large-scale gas inflows. We map the extended
Lya emission out to approximately 270 kpc, approaching the scale of the intergalactic
medium. We try to reproduce the observed flux and kinematics of the Lya haloes

through our simulations to gain further insights.

X-Ray Constraints on the Hot Gas Content of

Member Galaxies in Virgo

&ErRF dtmEKE

The X-ray-emitting hot gas is one of the primary components of the X-ray
emission in normal galaxies and is crucial for understanding the evolution of the
galactic ecosystem. The Virgo Cluster is the nearest and a rich galaxy cluster at its
early evolutionary stage, which offers a great opportunity to study the hot gas content
of its member galaxies and the cluster environmental effects. In this talk I will
introduce a systematic study of the diffuse hot gas around early-type galaxies (ETGS)
and late-type galaxies (LTGs) residing in the Virgo cluster, based on Chandra
observations, to test the X-ray scaling relations and understand the roles of cluster
environmental effects and galactic evolution in regulating the hot gas content of

galaxies.

The power spectrum of extended [C II] halos around

high redshift galaxies

Kig ExRAXE

ALMA observations have detected extended (~10 kpc) [C II] halos around
high-redshift (z > 5) star-forming galaxies. If such extended structures are common,
they may have an impact on the line intensity mapping (LIM) signal. We compute the
LIM power spectrum including both the central galaxy and the [C 1] halo, and study
the detectability of such signal in an ALMA LIM survey. We model the central galaxy
and the [C 1] halo brightness with a Sersict+exponential profile. The model has two



freeparameters: the effective radius ratio f_Re, and the central surface brightness ratio,
f_sigma, between the two components. [C 1] haloscan significantly boost the LIM
power spectrum signal. For example, for relatively compact [C I1] halos ( f_sigma =
0.4, f_Re = 2.0), the signal is boosted by ~20 times; for more extended and diffuse
halos ( f_sigma = 0.1, f Re = 6.0), the signal is boosted by ~100 times. For the
ALMA ASPECS survey (resolution theta_beam = 1.13", survey area Omega_survey =
2.9 arcmin”2) the [C I1] power spectrum is detectable only if the deL14d [C II] - SFR
relation holds. However, with an optimized survey (theta beam = 0.232",
Omega_survey = 2.0 deg”2), the power spectrum is detectable for almost all the [C 1]
- SFR relations considered in this paper. Such a survey can constrain f_sigma ( f_Re)
with a relative uncertainty of 60% (20%). A successful LIM experiment will provide
unique constraints on the nature,origin, and frequency of extended [C I1] halos, and
the [C 1] - SFR relation at early times.
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The Volumetric Extended-Schmidt Law: A Unity

Slope

HEFE EREAE

We investigate the extended-Schmidt (ES) law in volume densities (p _{SFR}
o< (p _{gas}p {0.5} {starp){a ~{VES}}) for spatially-resolved regions in spiral,
dwarf, and ultra-diffuse galaxies (UDGs), and compare to the volumetric
Kennicutt-Schmidt (KS) law (p _{SFR} <= p “a "{VKS}} {gas}). We first
characterize these star formation laws in individual galaxies using a sample of 11
spirals, finding median slopes a ~{VES}=0.98 and a "{VKS}=1.42, with a
galaxy-to-galaxy rms fluctuation that is substantially smaller for the volumetric ES
law (0.18 vs 0.41). By combining all regions in spirals with those in additional 13
dwarfs and one UDG into one single dataset, it is found that the rms scatter of the
volumetric ES law at given x-axis is 0.25 dex, also smaller than that of the volumetric
KS law (0.34 dex). At the extremely low gas density regime as offered by the UDG,
the volumetric KS law breaks down but the volumetric ES law still holds. On the
other hand, as compared to the surface density ES law, the volumetric ES law instead
has a slightly larger rms scatter, consistent with the scenario that the ES law has an
intrinsic slope of a VES=1 but the additional observational error of the scale height
increases the uncertainty of the volume density. The unity slope of the ES law implies
that the star formation efficiency (=p_ {SFR}/p {gas}) is regulated by the quantity
that is related to the p~{0.5} {star}.



The morphology and structure analysis of

star-forming galaxies in CL]J1001

R mEEKFE

Structural properties of cluster galaxies during their peak formation epoch, z~
2-4 provide key information on whether and how environment affects galaxy
formation and evolution. Based on deep HST/WFC3 imaging towards the z=2.51
cluster, J1001, we explore environmental effects on the structure, color gradients, and
stellar populations of a statistical sample of cluster SFGs. We find that the cluster
SFGs are on average smaller than their field counterparts. This difference is most
pronounced at the high-mass end with nearly all of them lying below the mass-size
relation of field galaxies. The high-mass cluster SFGs are also generally old with a
steep negative color gradient, indicating an early formation time likely associated with
strong dissipative collapse. For low-mass cluster SFGs, we unveil a population of
compact galaxies with steep positive color gradients that are not seen in the field. This
suggests that the low-mass compact cluster SFGs may have already experienced
strong environmental effects, e.g., tidal/ram pressure stripping, in this young cluster.
These results provide evidence on the environmental effects at work in the earliest
formed clusters with different roles in the formation of low and high-mass galaxies.

Testing photoionization modeling in a
spatially-resolved LINER M81 using CAHA IFU

observations
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MULTIWAVELENGTH BULGE AND DISK
MORPHOLOGY OF THE GALAXY M81 (NGC 3031)

BlfE  TNKRE

A panchromatic investigation of morphology for the early-type spiral galaxy
M81 is presented in this talk. We perform bulge—disk decomposition in M81 images
at a total of 20 wavebands from far-UV to near-IR (NIR) obtained with GALEX,
Swift, SDSS, WIYN, 2MASS, WISE, and Spitzer. Morphological parameters such
as Sésic index, effective radius, position angle, and axis ratio for the bulge and the
disk are thus derived at all of the wavebands, which enables quantifying the
morphological K-correction for M81 and makes it possible to reproduce images for
the bulge and the disk in the galaxy at any waveband. The morphology as a function
of wavelength appears as a variable-slope trend of the Sé&sic index and the effective
radius, in which the variations are steep at UV—optical and shallow at optical-NIR
bands; the position angle and the axis ratio keep invariable at least at optical-NIR
bands. It is worth noting that the Sésic index for the bulge reaches ~4-5 at optical
and NIR bands, but drops to ~1 at UV bands. This difference brings forward a
caveat that a classical bulge is likely misidentified for a pseudo-bulge or no bulge at
high redshifts where galaxies are observed through rest-frame UV channels with
optical telescopes. The next work of this series is planned to study spatially resolved
spectral energy distributions for the bulge and the disk, respectively, and thereby
explore stellar population properties and star formation/quenching history for the

galaxy composed of the subsystems.
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The Structure and Morphology of High-Redshift
Galaxies Revealed by JWST

NS JEERE

We present an analysis of the morphological and structural properties of
high-redshift galaxies using the JWST NIRCam observations. We perform
two-dimensional, simultaneous, multi-band model fitting to investigate the overall
morphological properties of the galaxies in their rest-frame optical wavelengths to
quantify the global properties of the galaxies, as well as subcomponents such as
bulges and disks. We study the error budget of the emanated structural parameters
using realistic mock images, taking into account systematic uncertainties due to the
choice of fitting method, the point-spread function, and cosmological dimming and
resolution effects. We present detailed structural parameters of the bulges and disks at
high redshift. We study the Kormendy relation, the evolution of the B/T ratio, and the
distribution of Sersic indices to investigate the origin of classical and pseudo bulges.
We study the scaling relation between central surface brightness and scale length to
ascertain the nature of the first-generation disks, and to see whether they resemble the
population of thin or thick disks in the local universe.

A UDG with negative metallicity gradient

RIRIR FEREAZE

Ultra-Diffuse Galaxies(UDGs) are mysterious objects in the sky which
challenging our understanding on galaxy formation and evolution. In this work, we



have space-resolved optical observation of a local isolated HI-selected UDG named
AGC242019 with Multi-Unit Spectroscopic Explorer(MUSE) on board the Very
Large Telescope(VLT). We measure its gas-phase metallicity gradient with different
emission lines ratio calibrator. And we derive a negative result like other local spirals,
i.e., -0.080 and -0.056 dex Re$"{-1}$. This implies an inside-out formation scenario
of this UDG. Using photometric data from DESI Legacy Survey(g, r, z band) and
GALEX(FUV/NUV), we fit its Star Formation History(SFH) with a spectral energy
distribution(SED) fitting code. We find out that there are young stellar population(<3
Gyr) in AGC242019 especially in its outskirt. This result exclude the "failed spiral”
formation scenario of this UDG. Based on an advanced gas regulator model, we show
a low outflow rate in AGC242019, which means the stellar feedback scenario of

HI-riched UDG cannot explain the formation of our UDG.

Probing the nature of the low star formation

efficiency in massive dusty galaxies in SDSS Stripe 82

ZF LBREXFE

This work characterizes the dust-related properties in ~ 100 massive dusty
quiescent galaxies observed by Herschel SPIRE far-infrared survey in the SDSS
Stripe 82 region. We estimate their physical properties by fitting the FUV-to-FIR
spectrum energy distribution. By comparing to the dust-poor quiescent galaxy
population, we find that the dusty quiescent galaxies have similar morphological
concentration, bulge dominance, and central stellar age as their dust-poor counterparts.
To investigate the origin of this counterintuitive population, we stack the color
profiles of the massive dusty/dust-poor quiescent galaxies. We find that dusty
quiescent galaxies have bluer g-i color at a radius between R50 and R90, rather than
the dust-poor quiescent objects. In a radius smaller than R50, the two populations
have similar color profiles. The subsample of dusty quiescent galaxies in a crowded
environment has a color gradient as red as the dust-poor galaxies. No strong Balmer
absorptions are found in the optical spectrum of both populations. The results indicate
that dusty quiescent galaxies have similar past evolution as their dust-poor
counterparts, and their quenching is not due to a quick consumption of gas by
starbursts. But the dusty objects still have star formation in their outer disks, although



the surface densities are low. They may acquire cold ISM if they are in a low-density
environment, and reserve it in a larger radius. Minor mergers could be the possible
reason for the externally obtained interstellar medium.

FAST reveals new evidence for M94 as a merger

FinE ExRXNE

We report the first high-sensitivity HI observation toward the spiral galaxy M94
with the Five-hundred-meter Aperture Spherical radio Telescope (FAST). From these
observations, we discovered that M94 has a very extended HI disk, twice larger than
that observed by THINGS, which is accompanied by an HI filament and seven HVCs
(high velocity clouds) at different distances. The projected distances of these clouds
and filament are less than 50 kpc from the galactic center. We measured a total
integrated flux (including all clouds/filament) of 127.3 (%£1) Jy km s—1, corresponding
to a H | mass of (6.5140.06)><10"8M® , which is 63.0% more than that observed by
THINGS. By comparing numerical simulations with the HI maps and the optical
morphology of M94, we suggest that M94 is likely a remnant of a major merger of
two galaxies, and the HVCs and HI filament could be the tidal features originated
from the first collision of the merger happened about 5 Gyr ago. Furthermore, we
found a seemingly isolated HI cloud at a projection distance of 109 kpc without any
optical counterpart detected. We discussed the possibilities of the origin of this cloud,
such as dark dwarf galaxy and RELHIC (REionization-Limited HI Cloud). Our results
demonstrate that high-sensitivity and wide-field HI imaging is important in revealing
the diffuse cold gas structures and tidal debris which is crucial to understanding the
dynamical evolution of galaxies.

Discovery of Five Green Pea Galaxies with
Double-peaked Narrow [OIII] Lines
U G = =

Although double-peaked narrow emission-line galaxies have been studied
extensively in the past years, only a few are reported with the Green pea galaxies
(GPs). We found five GPs with double-peaked narrow [OI11] emission lines, referred



to as DPGPs, selected from the largest collection of Green Pea galaxy spectra taken
by LAMOST and SDSS. With multi-band photometry and optical spectral diagnostics,
we have reliably confirmed the AGN activity in this sample. Based on the emission
line profiles and optical morphology, the physical origin of the double-peaked profiles
in these galaxies is more likely attributed to dual AGN mergers rather than outflows
or accretion disks. This expecial sample is potentially revealing the co-evolutionary
characteristics of a special class of high-mass galaxies and supermassive black holes.
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HI content of massive red spiral galaxies observed

by FAST

Black Hole Mass Estimation for DESI Quasars at

0.2<z<0.8

et AR

Determining the mass of supermassive black holes in active galactic nuclei
(AGN) is crucial for understanding black hole growth and quasar evolution. The
conventional reverberation mapping method is time-consuming, motivating the
development of the single-epoch method. Recent reverberation mapping campaigns
have revealed increased departure from the traditional R-L relation. Additionally,
studies have indicated that the accretion state, traced by the strength of Fell emissions,

can influence the R-L relation. In this talk I will show how we leverage the



capabilities of the Dark Energy Spectroscopic Instrument (DESI) to conduct a
comprehensive analysis. Our study employs a well-designed quasar sample within the
redshift range of 0.2 < z < 0.8 from DESI to systematically investigate and compare
different single-epoch black hole mass tracers. By deriving the iron-corrected R-L
relations, we significantly improve the accuracy of HB- and Mgll-based supermassive
black hole mass estimations, accounting for the accretion state. Moreover, we outline
our future goal of extending these findings to higher redshifts.

Two-point correlation functions of metals in dwarfs:

small clustering scales

FE EEAF

Metals are produced by stellar nucleosynthesis and redistributed by galactic
activities including inflow and outflows. The widely adopted metallicity gradient
misses the key fractal structure of interstellar medium in galaxies. Recently, the more
advanced method -- spatially two-point correlation functions—has been used to
describe the 2-D distribution of metals in spiral galaxies. Here, we extend this
methodology to dwarf galaxies in the Dwarf Galaxy Integral Survey (DGIS) that
contains a representative sample of 65 dwarfs in the Local Volume observed with
MUSE/VLT and WiFes/ANU-2.3m. As compared to spiral galaxies, metals of dwarfs
are clustered on much smaller spatial scales and are homogenous over larger scales.
By comparing the correlation length to SFR and stellar mass, we found that star
formation, instead of stellar mass, plays the key role in regulating metal distribution in
dwarfs, in contrast to the expectation from the tight correlation between metals and

stellar masses of integrated galaxies.

the mass-metallicity relation in lensed field galaxies
at cosmic noon with NIRISS----GLASS-JWST-ERS
WEE  EHXKEFE

Using the JWST near-infrared wide-field slitless spectroscopy obtained by the

GLASS-JWST early release science program, we present a measurement of the



mass-metallicity relation (MZR) at cosmic noon.

A secure sample of 50 galaxies in the Abell 2744 lensed field with several
emission lines is identified across two wide redshift ranges $z=1.8\sim2.3$ and
$2.6\sim3.4$ in the stellar mass range of $\log{M_*/M_\odot}\in [7.3, 10.0]$.

We extend the measurements of the MZR to this dwarf mass regime, thanks to
the exquisite sensitivity and resolving power of JWST, supplemented by the
gravitational lensing magnification effect from the foreground Abell 2744 cluster.

The observed slope of MZR is $\beta\sim0.3$, consistent with the expected field
galaxies, other than $\sim0.15$ for overdense environments.

In addition, we compare two methods to measure line fluxes using 2D forward
modeling and line profile fitting to 1D extracted spectra.

The line flux modeled by 2D is systematically $\sim30\%$ higher than by 1D,
with a large scatter.

The systematic offset between these two methods presents, for the first time, an
important guideline for future work deriving line fluxes from high-redshift galaxies
with wide-field slitless spectroscopy, such as Euclid, Roman, and the Chinese Space
Station Telescope.

Strange Quasar Candidates with Abnormal
Astrometric Characteristics from Gaia EDR3 and SDSS
(SQUAB-II): Optical Identifications

= LEBRXE

There are some strange quasars with multiple Gaia detections or observed with
abnormal astrometric characteristics, such as with large proper motions or significant
astrometric noises. Those strange quasars could be potential candidates of quasar-star
pairs, dual quasars (DQs),

or lensed quasars (LQs). Searching for both DQs and LQs is of great importance
in many fields of astrophysics. Here in this work, we select 143 SDSS
spectroscopically confirmed quasars that have multiple Gaia EDR3 detections within
1 arcsec of the SDSS quasar’s position. We

apply several optical identification methods to classify this sample. We firstly
exclude 65 quasar-star pairs via their stellar features including their parallaxes and



proper motions, stellar features in the SDSS spectra, or via the colour-colour diagram.
Based on the spectral-fitting results, we find 2 DQ candidates, one of which presents a
double-peaked [O III] emission line feature and the other shows a broad Hp velocity
offset (~ 870 km s—1) relative to the [O III] A5007 line. Via the colour difference
method, we further find 56 LQ candidates with similar colours in their multiple
images. We also cross-match 143 objects with the HST archive and find 19 targets
with archival HST images. Our classification results of those 19 targets are mainly

consistent with previous works.

The conditional colour - magnitude distribution: II
examining the galaxy colour - magnitude - halo mass

relation inferred from galaxy group catalogues

maER LisRXa

Capturing the complex galaxy luminosity — colour — halo mass relation is
essential to understand how galaxies form and evolve in dark matter haloes. In the
previous work, we proposed the conditional colour magnitude distribution (CCMD)
model to describe such relation, where free parameters are tuned by fitting clustering
and number densities in fine luminosity—colour bins of galaxies from the Sloan SDSS
DR7 Main Galaxy Samples. In this work, we present a comprehensive examination on
the CCMD by comparing the colour-dependent occupation statistics from CCMD and
from group catalogues. By applying the identical group finders to both CCMD mocks
and SDSS, CCMD groups should contain the same group-finding and mass
assignment errors as SDSS groups. We find great agreements in those statistics,
regardless of group finders, suggesting that the CCMD well represent the reality in

terms of galaxy colour and luminosity.

Lyman Continuum Galaxies at z~3.1 and Their

Properties

XHER ALK



High-redshift star-forming galaxies are the dominant contributors to the LyC
photons required in the epoch of reionization. Currently, the directly detected LyC
galaxies are rare, and their specific contributions and properties remain clear. We
present a study of Lyman continuum (LyC) emission in a sample of ~150 Lyo emitters
(LAES) at z~3.1 in the Subaru-XMM Deep Survey field. We obtain deep UV images
using a custom intermediate-band filter Uj that covers a wavelength range of
3330~3650 angstrom and detect 7 individual LyC candidates in the Uj band. Their
escape fractions of LyC photons are roughly between 40\% and 80\%. This supports a
previous finding that a small fraction of galaxies may have very high escape fractions.
By stacking their Uj band images, the escape fraction upper limit of the remaining
LAEs that are not detected in the Uj is constrained as 16%. These results are
consistent with the results in the literature. Compared with the non-LyC LAEs, the
LyC LAEs tend to have higher Lyo luminosities, Lyoa EWs, and SFRs, but their UV
continuum slopes are similar to those of other galaxies. Finally, we found one AGN
close to the LyC galaxies that may have helped their LyC photons to escape.
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CatNorth: An Improved Gaia DR3 Quasar Candidate
Catalog with Pan-STARRS1 and CatWISE

)24,  Leiden Observatory

A complete and pure sample of quasars with accurate redshifts is crucial for
quasar studies and cosmology. In this talk, we present CatNorth, an improved Gaia
DR3 quasar candidate catalog with 1.5 million sources in the 37w sky built with data
from Gaia, Pan-STARRS, and CatWISE2020. To construct training/validation
datasets for classifying stars, galaxies, and quasars, we carefully built two different
master stellar samples in addition to the labeled samples of galaxies and quasars. An
ensemble classification model is obtained by averaging the two XGBoost classifiers
trained with different master stellar samples. We provide photometric redshifts for all
candidates with an ensemble machine learning regression model. For a subset of
89100 candidates, accurate spectroscopic redshifts are estimated with the
Convolutional Neural Network (CNN) from the Gaia BP/RP spectra. The CatNorth
catalog has a high purity of >90% while maintaining high completeness, which is an
ideal sample for understanding the quasar population and its statistical properties.

Measuring the UV luminosity function at z < 2 with

the UVCANDELS data

A& RERFRAY

UVCANDELS is a HST Cycle-26 Treasury Program awarded 164 orbits of
primary ultraviolet (UV) F275W imaging and coordinated parallel optical F435W
imaging in four CANDELS fields: GOODS-N, GOODS-S, EGS, and COSMOS,

covering a total area of ~430 arcmin$"2$. This is $\sim2.5$ times larger than the area



covered by previous UV data combined, reaching a depth of 27 ABmag. We present a
robust analysis of the rest-frame UV luminosity function (LF) of galaxies at $z < 28,
relying on our UV-optimized aperture photometry method yielding a factor of 1.5x
increase in the signal-to-noise ratios in our F275W imaging. Using well tested
photometric redshift measurements and signal-to-noise ratio cut, we identify more
then $15,000$ galaxies in total at $0.6 < z < 2.2$. We run an image-based simulation
to estimate the completeness correction using a newly published package. Restricting
our analysis to galaxies with above $30\%$ completeness, we compute the
rest-frame UV LFs and find the best-fit faint-end slopes at three redshift ranges, $0.6
<z<1$%1<z<14% and $1.4 <z < 2.2$, respectively. we find that the faint-end
slope is getting steeper with redshift.

Accurate Measurement of Galaxies in the Crowded

Field

5E JteEXFE

Galaxy clusters serve as critical cosmic laboratories to probe a myriad of science
topics relevant to galaxy research. However, such dense environments, especially for
the cluster core regions, are exceptionally hostile to an accurate measurement of the
constitute and background galaxies, primarily because of the severe crowding and
overlapping between the sources, as well as the presence of intra-cluster light (ICL).
In order to mitigate these effects, we develop a new method to remove the light
contamination from bright cluster galaxies (bCGs) and ICL, and apply this method to
the F160W image of cluster MACSJ0416.1-2403. Based on galaxy fitting pipeline
GALAPAGOS2, we then perform a detailed analysis of the resulting processed image,
obtaining a primary catalog with robust photometric and structural parameters. we
furthermore demonstrate that our subtraction procedure has superior performance
over other existing methodologies in the literature, therefore enabling more complete
galaxy sample close to the detection limit, and more realistic uncertainties. The
unique pipeline we developed in this study will be applied to the remaining filters of
the same cluster, as well as other clusters.
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DarkAl: 1. Mapping the large-scale density field of

dark matter based on U-Net neural network
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This is a research about develop a UNet-style convolution neural network to
reconstruct the cosmic density field from the redshift-space distribution of dark matter
halos. The reconstruction starts with dark matter halos, which is motivated by the fact
that galaxy groups can be used to represent the dark halo population and can be
well-defined with halo mass from large redshift surveys of galaxies. By using the
3-dimensional mass-weighted density field of the halo as the input map, the neural
network is trained based on the COLA simulation, which is an approximation of the



N-body simulation in size of 500h-1Mpc box with 5123 particles. The resulting UNet
network model is evaluated using an ensemble of training-sample-like test samples,
demonstrating that it allows for a recovery of the real-space dark matter density fields
with only small reduction of the cross-correlation power spectrum at 3% and 15%
levels at k = 0.1 and 0.3hMpc-1, respectively. The models are further verified using
Jiutian simulation, which is a typical N-body simulation with 61443 particles in a
1000h-1Mpc-size box, and the ELUCID N-body simulation, which has a different
cosmology of WMAPS. As a result, the dark matter density field can be recovered
consistently at the accuracy level, and the reconstruction is unaffected by the different
cosmologies between the training sample (Planck2018) and the test sample (WMAPS).
It is also evident that the deep learning method outperforms the traditional method
based on linear theory, and is helpful in accurately recovering the velocity field and
tidal field of dark matter. Finally, it was found that the UNet-based model can reliably
reproduce the cosmic density field and generalizes to the high-resolution N-body
simulation after being trained with low-resolution COLA simulations. This shortens
the computation time for producing training data and enhances the deep learning

method’s applicability to enormous amounts of data from a large galaxy survey.

Morphological Classification of 259,323 Main
Galaxy Sample in DESI Legacy Survey BASS + MzLS using

Deep Learning and Domain Adaptation

WAS LHEEYA

The morphological classification and measurement of galaxies is a critical part of
the research on galaxy formation and evolution. We present a catalog of detailed
morphology classification in the DESI Legacy Survey BASS+MzLS region of
259,323 main galaxy samples, which has never been done before. We trained a
Bayesian convolution neural network on Galaxy Zoo DECaLS data and adapt it to the
BASS+MzLS region using source-free unsupervised domain adaptation. Our model
can predict the posterior of each question-answer pair in the GZD-5 decision tree that
is related to morphology. Our performance is better than previous work and
demonstrates the effectiveness of domain adaptation through the overlapping region
between DECaLS and BASS+MzLS.
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An Investigation of the Star Formation Rate of

Galaxies at 0.4 <z < 0.5 with FADO

FHEF  University Of Sheffield

The star formation rate (SFR) is an important astrophysical tracer for
understanding galaxy formation and evolution, determining the relationship between
interstellar medium properties and stellar formation, and inferring the evolution of
cosmic stellar formation history and energy density. The mainstream approach to
studying the stellar content in galaxies is based on pure stellar population synthesis
models, without subtracting the contamination caused by nebular gas
radiation-induced star formation rates. However, recent studies indicate that the
contamination from nebular radiation cannot be ignored in galaxies with more active
stellar formation activities and high redshift galaxies. Nevertheless, there are very few
relevant studies, especially on high redshift galaxies. In this paper, we tentatively
studied the SFR of stellar formation galaxies with z < 0.5 using the spectral fitting
code FADO, which can calculate the contribution of nebular radiation to emission
lines related to SFR in the spectrum, dynamically and self-consistently treating
ionized gas. We compared the SFR obtained from FADO with that obtained from the
pure stellar model-based code gsofitmore, which fits the same sample of galaxy
spectra, and calculated the SFR using the luminosity of Ha 16563 Comparing the
results from gsofitmore and FADO, we found that the SFR obtained from FADO is an
order of magnitude smaller than that from gsofitmore, with 96% of the data
supporting this view. This suggests that the effect of nebular radiation on SFR cannot
be ignored in at least 0.4 < z < 0.5 stellar formation galaxies, consistent with recent
speculation. We predict that the impact of nebulae may be more significant in SFG at
higher redshift (e.g., up to z~2) by combining optical and near-infrared spectral data,

further supporting our conclusion.
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A Spectroscopic Insight into Metallicity

Distributions in the Nearby Spiral Galaxy NGC 2403

SRR THKE

In this paper, we present a spectroscopic study of H ii regions in the Nearby
Spiral Galaxy NGC 2403,aimed at obtaining metallicity distributions in multiple
aspects. Through observation with the 2.16 m telescope of the National Astronomical
Observatory of China as well as collection from literature, we compile a sample
containing 159 H ii regions in the galaxy. By combining photoionization model, the
N202 spectral index is ascertained to be the most reliable indicator among all
common diagnostics and hence adopted to estimate the oxygen abundance in our
work. Three kinds of metallicity distributions, including one-dimensional,
two-dimensional, and azimuthal, are derived. A radial gradient is apparent but the
slope is not constant. The radial trend appears with bends or discontinuities, which is
not ascribed to systematic errors in the N202 diagnostic, as demonstrated in the work.
Possible reasons for the variable-slope gradient, such as systematic errors in the
diagnostics, kinematic truncation in the galaxy, bias in the traditional definition of the

galactic center, and impact of gas inflow, are discussed in the end.
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DESI Legacy Imaging Surveys: Does environment

affect size growth of galaxies atz < 0.5?
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Collisions of young disc galaxies in the early

universe

UM FEREERAKRE

In the local universe, disk galaxies are generally well evolved and Toomre stable.
Their collisions with satellite galaxies naturally produce ring structures, which have
been observed and extensively studied. By contrast, at high redshifts, disk galaxies are
still developing and clumpy. These young galaxies interact with each other more
frequently. However, the products of their collisions remain elusive. Here, we
systematically study the minor collisions between a clumpy galaxy and a satellite on
orbits with different initial conditions, and find a new structure that is different from
the local collisional ring galaxies. The clumpiness of the target galaxy is fine-tuned by
the values of Toomre parameter, Q. Interestingly, a thick and knotty ring structure is
formed without any sign of a central nucleus in the target galaxy. Our results provide
a promising explanation of the empty ring galaxy recently observed in R5519 at
redshift z = 2.19. Moreover, we show that the clumpy state of the collided galaxy
exists for a much longer timescale compared to isolated self-evolved clumpy galaxies
that have been widely investigated.

Studying X-ray spectra of large-scale jets of FR 11

radio galaxies: application of shear particle acceleration

WzxmE | AAF
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Weak Lensing Reconstruction by Counting Galaxies

with the DECaLS DR9

B LisssEREF

Cosmic radio background from primordial black

holes at cosmic dawn

KEHS ExRKNE

Correlation analysis of barred and unbarred
galaxies

Aim - B

About two-thirds of disk galaxies in the local universe are observed to have bars,
whereas dynamical studies predict that all disk galaxies should possess bars. To
investigate this inconsistency, we conducted an analysis of massive disk galaxies



using the TNG100 simulation, which is a cosmological hydrodynamical realization of
the IlustrisTNG suite. We examined the evolution of bar characteristics in these
galaxies by employing techniques such as ellipse fitting and Fourier decomposition.

Our findings indicate that barred galaxies, short-barred galaxies, and unbarred
galaxies exhibit nearly identical fractions of barred galaxies and similar bar strengths
at z=1. However, as disk galaxies evolve from z=1 to 0, bars tend to appear more
frequently in galaxies with stronger rotations. Moreover, for lower-mass galaxies (log
M=10.6-10.85), bars tend to form in disk galaxies with higher mass concentration.
Conversely, for higher-mass galaxies (log M=10.85-11.1), bars commonly appear in
disk galaxies that have undergone fewer galaxy mergers. Additionally, we applied
statistical methods like sparse principal component analysis (SPCA) and normalized
mutual information feature selector (NMIFS) to analyze the length of bars in barred
galaxies. Our analysis reveals that, within a limited stellar mass range, the primary
factor influencing the length of bars in barred galaxies is the cumulative impact of
galaxy mergers. Furthermore, the bar length exhibits correlations with the bulge
component, specific star formation rate (sSFR), and mass concentration of the
galaxies. This research suggests that the presence of bars in galaxies is determined by
the combined effects of the galactic environment and internal baryonic physics.

Cosmic Evolution of the Fe II/Mg Il Line Ratio in

Quasar Broad-Line Regions

= JEEKE

The line flux ratio of Fe II/Mg Il in quasar broad-line regions serves as a
first-order proxy for the relative abundance of Fe to alpha-elements, and thus known
as a cosmic clock. We present a study of the Fe 11/Mg Il emission line ratios in the
broad-line regions of 27 luminous quasars at z=5.8-6.6, exploiting high-quality
near-infrared spectra taken primarily by the XQR-30 program of VLT/XSHOOTER.
We perform a robust spectral analysis of these quasars at high bolometric luminosities
and find that the mean Fe 11/Mg Il flux ratio of 8.03 with a wide scatter of 3.92. We
perform the same spectral analysis for two other samples at intermediate redshift
(z=3.5-4.5) and low redshift (z=1.0-2.1) from the literature, which cover a similar
bolometric luminosity range to the XQR-30 sample. We find that there is no



significant redshift evolution in the Fe II/Mg Il ratio over the wide redshift range of
z=1.0 to 6.6, which supports a rapid iron enrichment in the vicinity of the galactic

nuclei.
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Forecast constraints on neutrino mass from CSST

galaxy clusters
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Reporting a low-z Hot DOG's IRASF10026

XU REMZRRFREE R EE R

Hot dust-obscured galaxies(Hot DOGSs) are a special propulation of galaxies
found by WISE at high redshift(z>2). Their luminosities are esxtremely high, up to
10”14 solar luminosity, and AGNs in these galaxies are surrounded by dust and gas.
Their high luminosities are considered to come from the powerful accretion of
supermassive black holes with little contribution from star formation. The fitted SED
shows that the IR emission of Hot DOGs mainly originated from the ambient dust
heated by the AGN feedback rather than star formation. Due to the selection effect of
WISE W12dropouts, most known Hot DOGs mainly concentrate on high redshift.
Recently we successfully identified a Hot DOG IRASF10026 in redshift z=1.12. We
will report its properties as a Hot DOG in this paper.
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Unraveling the Geometric and Kinematic Traits of

the Galactic Disk through Open Clusters

Wigza  ERITERFYRES KR

Recently, | use Gaia-based open clusters to study the geometry and motion of the
Galactic disk. The findings suggest that the inclination angle of the Galactic disk
increases gradually from the inner to the outer disk, with a shift in orientation at the
Galactocentric radius of approximately 6 &1 kpc. In addition, this study brings forth
the revelation that the mid-plane of the Milky Way may not possess a stationary or
fixed position. A plausible explanation is that the inclined orbits of celestial bodies
within our Galaxy exhibit a coherent pattern of elliptical shapes, deviating from
perfect circularity. However, more observations are needed to confirm this. An
analysis of the vertical motion along the Galactocentric radius reveals that the disk
has warped with precession, and that the line-of-nodes shifts at different radii,
aligning with the results from the classical Cepheids. Although there is uncertainty for
precession/peculiar motion in Solar orbit, after considering the uncertainty, the study
derives a median value of 6.8 km/s/kpc in the Galaxy. This value for the derived
precession in the outer disk is lower than those in the literature due to the systematic
motion in Solar orbit (6 = 0.6 deg). The study also finds that the inclinational variation
of the disk is significant and can cause systematic motion, with the variation rate
decreasing along the Galactic radius with a slope of -8.9 u as/yr/kpc. Moreover, the
derived inclinational variation rate in Solar orbit is 59.1+11.2(sample) =7.7(VZ(©®)

M as/yr, which makes it observable for high precision astrometry.

Total and dark mass in galaxy centers with Machine
Learning

RRE PULKRZF

The galaxy total mass inside the effective radius is a proxy of the galaxy dark

matter content and stellar population properties, e.g. the star formation efficiency. As



such, it encodes important information on the dark matter and galaxy evolution
models. Total "central” masses can be inferred via galaxy dynamics or with
gravitational lensing, but these methods have practical limitations related to their
modelling assumptions (e.g. orbital distribution) and their typical analysis samples
(rarity), respectively. We propose a novel approach, based on machine learning to
make predictions on the total and dark matter content of galaxies using simple
observables from imaging and spectroscopy surveys. We use catalogs of multi-band
photometry, sizes, stellar mass, kinematics and dark matter measurements of
simulated galaxies from TNG-100, a state-of-art cosmological (hydrodynamic)
simulation, to train a Mass Estimate machine Learning Algorithm (MELA) based on
Random Forrest. We separate the simulated sample in passive early-type galaxies
(ETGs), both "normal” and "dwarf", and active late-type galaxies (LTGs) and show
that the mass estimator can accurately predict the galaxy dark masses inside the
effective radius in all samples. We finally test the mass estimator against the central
mass estimates of a series of low redshift datasets (z<0.1) including SPIDER, DynPop
and SAMI dwarf galaxies with standard dynamical methods based on Jeans equations.
We find that MELA can correctly predict the total dynamical mass of the real samples
of ETGs, LTGs and dwarf galaxies. Machine learning can learn from idealised
simulated sample from hydro-simulations how to predict the dark and total mass
content of galaxies, provided that the real galaxy sample show similar scaling
relations among the "“observables" used as features. For all the reference dataset
considered, \mla\ can predict the masses within 0.15 dex, with a limited fraction of
outliers and almost no bias. This is independent of the sophistication of the
kinematical data collected (fiber vs. 3D spectroscopy) and the dynamical analysis
adopted (radial vs. axisymmetric Jeans equations, virial theorem). This make \mla\ a
powerful alternative to make predictions of the mass of galaxies for enormous
datasets for which ““standard" stage-1V survey data products are available (e.g.
aperture photometry, stellar masses, fiber spectroscopy, size, etc.). We finally discuss
how to generalise these results to account for the variance of cosmological parameters
and baryon physics using a larger variety of simulations and the further option to
reverse engineering this approach and use model-free dark matter measurements (e.g.
via strong lensing), plus visual observables, to predict the cosmology and the galaxy
formation model.



Environmental Effects as a Key Factor of Shaping

Star - forming SO galaxies

Prigty BIIKEF

Impact of gravitational lensing on black hole mass
function inference with third-generation gravitational wave

detectors

AR EHXKFE

The recent rapid growth of the black hole (BH) catalogue from gravitational
waves (GWSs) has allowed us to study the substructure of black hole mass function
(BHMF) beyond the simplest power-law distribution. However, the BH masses
inferred from binary BH merger events, may be systematically 'brightened' or
'dimmed' by the gravitational lensing effect. In this work, we investigate the impact of
gravitational lensing on the BHMF inference considering the detection of the
third-generation GW detector - the Einstein Telescope (ET). We focus on high redshift,
z = 10 in order to obtain the upper limits of this effect. We use Monte Carlo (MC)
method to simulate the data adopting three original BHMFs under Un-Lensed and
Lensed scenarios, then recover the parameters of BHMFs from the mock data, and
compare the difference of results, respectively. We found that all the parameters are
well recovered within one standard deviation(std., 1c), and all three BHMF models
are reconstructed within a 68 percent credible interval, suggesting that lensing would
not change the main structure drastically, even at very high redshifts and with high
precision of ET. And the modest influence beyond 50M®, depends on the modeling
of the high mass tail or substructure of BHMF. We conclude that the impact of lensing
on BHMF inference with ET can be safely ignored in the foreseeable future. Careful
handling of lensing effects is required only when focusing on an accurate estimation
of the high mass end of BHMF at high redshifts.



XMM-Newton Observations of Two Archival X-ray
Weak Type 1 Quasars: Obscuration Induced X-ray

Weakness and Variability

KT JLREKE

We report XMM-Newton observations of two examples of an unclassified type
of X-ray weak quasars from the Pu et al. 2020 survey of X-ray weak quasars in the
Chandra archive, SDSS J083116.62+321329.6 at z=1.797 and SDSS
J142339.87+042041.1 at z=1.702. They do not belong to the known populations of
X-ray weak quasars that show broad absorption lines, weak ultraviolet (UV) broad
emission lines, or red optical/UV continua. Instead, they display typical quasar UV
spectra and spectral energy distributions. In the XMM-Newton observations, both
quasars show nominal levels of X-ray emission with typical quasar X-ray spectral
shapes (power-law photon indices of 1.99+0.27-0.23

and 1.86+0.15-0.14), displaying strong X-ray variability compared to the
archival Chandra data (variability factors of 4.0+1.6—1.4 and 9.0+7.4-3.8 in terms
of the 2 keV flux density). Simultaneous optical (rest-frame UV) spectra indicate no
strong variability compared to the archival spectra. Long-term optical/UV and
infrared light curves do not show any substantial variability either. We consider that
the X-ray weakness observed in the Chandra data is due to X-ray obscuration from a
small-scale dust-free absorber, likely related to accretion-disk winds. Such X-ray
weak/absorbed states are probably rare in typical quasars, and thus both targets
recovered to X-ray nominal-strength states in the XMM-Newton observations.

Black Hole Mass Estimation for DESI Quasars at

0.2<z<0.8

mefs  ALEKE

Determining the mass of supermassive black holes in active galactic nuclei
(AGN) is crucial for understanding black hole growth and quasar evolution. The
conventional reverberation mapping method is time-consuming, motivating the
development of the single-epoch method. Recent reverberation mapping campaigns
have revealed increased departure from the traditional R-L relation. Additionally,
studies have indicated that the accretion state, traced by the strength of Fell emissions,
can influence the R-L relation. In this talk I will show how we leverage the
capabilities of the Dark Energy Spectroscopic Instrument (DESI) to conduct a
comprehensive analysis. Our study employs a well-designed quasar sample within the



redshift range of 0.2 < z < 0.8 from DESI to systematically investigate and compare
different single-epoch black hole mass tracers. By deriving the iron-corrected R-L
relations, we significantly improve the accuracy of H3- and Mgll-based supermassive
black hole mass estimations, accounting for the accretion state. Moreover, we outline
our future goal of extending these findings to higher redshifts.

ISM density measurements from NIRSpec

Spectroscopy

FRE BEIIKZE
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Avoiding the Great Filter: A Simulation of Important

Factors for Human Survival
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Humanity’s path to avoiding extinction is a daunting and inevitable challenge
which proves difficult to solve, partially due to the lack of data and evidence
surrounding the concept. We aim to address this confusion by addressing the most
dangerous threats to humanity, in hopes of providing a direction to approach this
problem. Using a probabilistic mode, we observed the effects of nuclear war, which is
the harmful disaster in terms of its extent of destruction on the length of human
survival. We consider the starting point of the predicted average number of survival
years as the present calendar year. Nuclear war, when sampling from an artificial
normal distribution, results in an average human survival time of 60 years into the
future starting from the present, before a civilization-ending disaster.
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