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Progress Report: First-Year Postdoctoral Research Update

£ : Junle PeiN°re
HRAES . peijunle@ihep.ac.cn

This report presents an overview of the progress achieved during the initial year of postdoctoral
research. It encompasses studies focused on investigating the collinear splitting effects of boosted
dark matter at neutrino detectors, enhancing the indirect detection methods for a secluded dark
matter sector, and exploring the radiative leptonic decay of heavy quarkonia.
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Hydrogen-rich ternary compounds are promising candidates for realizing of room-temperature su-
perconductivity due to the synergistic effects of crystal structure and electronic properties under
high-pressure conditions. Here, the high-pressure structures, electronic properties, and supercon-
ductivity of the ternary YScH2n (n=3-6) system are investigated by using the prediction method
of particle swarm optimization structure combined with first-principles calculations. We find four
stable structures, each with different hydrogen sublattices:YScH6, YScH8, YScH10, and YScH12, all
of them are potential high-temperature superconductors. The electron local function (ELF) results
indicate a lack of interaction between hydrogen atoms in YScH6, while the weak H-H covalent in-
teractions are observed in the other stoichiometric ratios. Strikingly, YScH6 maintains dynamic
stability down to ambient pressure and keeps a high superconducting critical temperature (Tc) of
66 K. At 140 GPa, the pressure-stabilized YScH8 and YScH10 structures exhibit high Tc of 110 and
116 K, respectively. Upon further increasing the content of hydrogen, the lowest dynamically stable
pressure of YScH12 is increased to 200 GPa, and the calculated Tc is up to 179 K. In all YScH2n struc-
tures, YScH6 (stabled at 1 atm to 100 GPa), YScH8 and YScH10 (stabled at 140 to 250 GPa), YScH12
(stabled at 200 to 300 GPa), strong electron-phonon coupling and large electronic density of states
of hydrogen at the Fermi level play important roles in their high-temperature superconductivity.
It is discussed that that phonon softening in the mid-frequency region induced mainly by Fermi
surface nesting effectively enhances the electron-phonon coupling. Our work prospectively discov-
ered high-temperature superconducting hydrides that can be stable at atmospheric pressure, taking
an important step towards understanding the superconductivity and structural stability of ternary
hydrides.
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The R&D of the FPMTs for High Energy Physics Detectors
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The Fast PhotoMultiplier Tube (FPMT) is a weak light detection device with a Micro-Channel Plate
(MCP) as its multiplication structure. Its ultra-fast time resolution, high detection efficiency, and
excellent magnetic field resistance make it widely used in high-energy physics and nuclear medicine
detection. Through optimized structural design, fabrication processes, and testing methods, the
consortium has successfully developed high-performance FPMT devices. Currently, the successful
development of single anode to 8x8 anode FPMTs has been achieved. This report will introduce the
R&D process of domestically produced FPMTs, as well as the latest research achievements
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Simulation progress of the GSHCAL for the CEPC
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The precise measurement of the mass and properties of the Higgs and W/Z bosons is the key scientific
goal for the future e+e- Higgs factory. A big challenge for this goal is to fulfill an unprecedented jet
energy resolution, and the scheme selection of the hadronic calorimeter (HCAL) is one of the most
important factors. Due to the low cost, the HCAL based on the plastic scintillator (AHCAL) and
gas (DHCAL) have been adopted for the CEPC baseline design and a Boson Mass Resolution (BMR)
"3.8% was achieved, which still leaves room for improvement. The low density of sensitive material
in the baseline design leads to the low energy sampling fraction, limiting the improvement of energy
resolution. Though the crystal possesses the advantage of high density and can significantly improve
energy resolution, its fancy price reduces dramatically the cost performance and becomes the main
problem for its application in HCAL. Given the deficiency of the crystal and the plastic scintillator,
a new concept, Glass Scintillator Hadronic Calorimeter (GSHCAL), was proposed to replace the
baseline HCAL design. The glass scintillator balances the advantages of the crystal and the plastic
scintillator at same time, i.e., high density and low price, which provides a highly cost-effective
design option to improve significantly the jet energy resolution. Based on current simulation, a
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BMR around 3.4% can be achieved by using the GSHCAL, which shows "10% improvement with
respect to the baseline design. In this contribution, the simulation progress of intrinsic performance
and particle flow algorithm (PFA) performance of the GSHCAL will be introduced.
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Temporal Structures in Electron and Positron Spectra and Charge
Sign Effects in Galactic Cosmic Rays

fi#: Zetong Sun’
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L B AT
MIRfE#: sunzetong@ihep.ac.cn

We present the precision measurements of eleven years of daily cosmic electron and positron fluxes
in the rigidity range from 1.00 to 41.9 GV based on 2.0x10"8 electrons and 3.4x10°6 positrons col-
lected with the Alpha Magnetic Spectrometer (AMS) aboard the International Space Station.

The electron fluxes exhibit variations on multiple timescales. Recurrent electron flux variations with
periods of 27 days, 13.5 days, and 9 days are observed.We find that the electron fluxes show distinctly
different time variations from the proton fluxes. Remarkably, a hysteresis between the electron flux
and the proton flux is observed with a significance of greater than 6c at rigidities below 8.5 GV.
Furthermore, significant structures in the electron-proton hysteresis are observed corresponding to
sharp structures in both fluxes. This continuous daily electron data provide unique input to the un-
derstanding of the charge sign dependence of cosmic rays over an 11-year solar cycle.

The positron fluxes show distinctly different time variations from the electron fluxes at short and
long time scales. A hysteresis between the electron fluxes and the positron fluxes is observed with
a significance greater than 5c at rigidities below 8.5 GV. On the contrary, the positron fluxes and
the proton fluxes show similar time variation. Remarkably, we found that positron fluxes are mod-
ulated more than proton fluxes with a significance greater than 5o for rigidities below 7 GV. These
continuous daily positron fluxes, together with AMS daily electron, proton, and helium fluxes over
an eleven-year solar cycle, provide unique input to the understanding of both the charge sign and
mass dependencies of cosmic rays in the heliosphere.
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Measurement of the cosmic ray proton spectrum around the knee
region with LHAASO

it B 5 N
MRifEH: youzhiyong@ihep.ac.cn
One of the main scientific aims of LHAASO is to measure the energy spectra of cosmic rays for

individual mass compositions. LHAASO is made up of three detector arrays, which are WFCTA,
KM2A, and WCDA. The three detector arrays can achieve hybrid observation, so several extensive
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air shower observables that are sensitive to mass compositions can be measured simultaneously.
ROOT-TMVA package is used to combine these component-sensitive parameters for selecting pro-
ton events. The selected proton events have a purity of over 90%. The data used in this work are
collected between November 2020 and April 2021. We have also studied the associated systematic
uncertainties, including those introduced by the composition models, proton selection, energy re-
construction method, and hadronic interaction models.
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Measurement of the Proton and Helium spectrum with KM2A
and WFCTA of the LHAASO experiment

e FlSEE
! [HEP

MRifEH: wanglp@ihep.ac.cn

We report on the measurement with high statistics of the energy spectrum of light component (Pro-
ton plus Helium nuclei) in cosmic rays by Large High Altitude Air Shower Observatory (LHAASO)
around the knee region. LHAASO is a composite cosmic ray observatory, which consists of three
detector arrays, including the square meter Kilometer Array (KM2A), the Water Cherenkov Detector
Array (WCDA), and the Wide Field of View Cherenkov Telescope Array (WFCTA). The LHAASO
experiment with multiple types of detectors can achieve the multi-parameter measurement of the
cosmic ray air shower, the parameters including Ny, Disto, which are sensitive to the component
of the cosmic ray were defined and can be used for the mass separation.

The data used in this work were taken from Nov 1, 2020, to Mar 31, 2021. During that period the
LHAASO consisted of the first six WFCTA telescopes, the first half KM2A array, and the first water
pool of WCDA. The analysis was performed using only information from combined observations of
WEFCTA and KM2A. The energy spectrum of the light component measurement process is reported
in this paper.
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Study on the upgrade of the LHCb Upstream Tracker with HVC-
MOS technology

fii#:  Zhiyu XiangNere
MIRifE#: xiangzy@ihep.ac.cn

The LHCb experiment is planning a Phase 2 upgrade around 2032, aiming to increase the luminos-
ity by nearly an order of magnitude. The higher luminosity collision will generate a larger number
of final-state tracks, posing new challenges for the detector’s spatial resolution and radiation toler-
ance. Therefore, the Upstream Tracker (UT) will be upgraded to a higher granularity silicon pixel
detector. CMOS technology presents an appealing solution due to its high performance and cost-
effectiveness. Unlike many CMOS processes that require modifications and enhancements to gen-
erate sufficient signal, the commercially available high resistance wafer based High Voltage CMOS
(HVCMOS) is intrinsically radiation hard and has large capacitance for signal acquisition. In recent
years, the HVCMOS production process has developed, could be customized commercially. The
HVCMOS using 55nm low leakage current process has emerged as a promising candidate for the UT
upgrade.
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NNLO QCD corrections to J /i plus 7. production at the B facto-
ries

113%‘: ﬂﬂzj—{/ﬁ'\: None; j@ﬁﬁ‘ None; @KEI Nene
HRifEH: huangxd@ihep.ac.cn

In this work, we calculate the next-to-next-to-leading-order (NNLO) QCD corrections to eTe™ —
J /v + n. at the B factories. After including the NNLO corrections, the cross section of eTe™ —
J /1 + n. is enhanced by about 17%, and the perturbative series of the prediction shows the con-
vergent behavior. It is also found that the contributions from bottom quark starts at the a>-order,
which is about 2.4% of the total prediction. The renormalization scale pz dependence of the cross
section is reduced at the NNLO level, but the prediction is sensitive to the charm quark mass m..
By considering the uncertainties caused by renormalization scale y r, charm quark mass m. and the
NRQCD factorization scale pi,, our prediction shows agreement with the BaBar and Belle measure-
ments within errors.

b TR 2 41 / 30

The spatial resolution of AC-coupled LGAD developed by IHEP

fii#: Mengzhao LI
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MRif:%: mzli@ihep.ac.cn

AC-coupled Low- Gain Avalanche Detectors (AC-LGAD) are designed as detectors with 100% fill
factor for high precision 4D-tracking, which have been studied and researched by many institutes
including BNL, FBK et al. Institute of High Energy Physics (IHEP) has also done many researches
on AC-LGAD. First IHEP AC-LGAD sensors with a pitch of 2000 pm and AC pad of 1000 p show
time resolution better than 20ps, and spatial resolution better than 16um. Testing results show that
as the N+ doping dose decreases from 10 P to 0.2 P, the spatial resolution is reduced from 35 pm
to 16 pum. Details of the results will be discussed. Second version of IHEP AC-LGAD be fabricated,

il 12
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lower than 0.2P n+ layer dose be used for improve the spatial resolution and sensors with different
pad-pitch structures also be fabricated. Testing results show that as decreasing the n+ layer dose
from 0.2P to 0.02P, the spatial resolution of AC-LGAD can be lower than 8um. Strips with different
pad-pitch structures be fabricated and studied, results show that pad-pitch structures will also affect
the spatial resolution. Testing results of IHEP AC-LGAD v2 sensors tested by using laser system will
also be shown.

B PR 2 4 / 31
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Inclusive J/ pair cross section measurement in pp collisions at =
13 TeV with the CMS experiment

fiz#i: Taozhe R
' [HEP
MRifE%: yutz@ihep.ac.cn
We present a measurement of the prompt J/{ pair production cross section in proton-proton colli-
sions at Vs = 13 TeV with the CMS experiment. The data correspond to an integrated luminosity
of 135 /fb and were collected during LHC Run 2. The differential cross section of prompt J/{ pair

produced from inclusive process has been measured as a function of the double J/{ mass, transverse
momentum, and rapidity.

B PRl 141/ 34

quGAN for fast calorimeter simulation

fii#: Xiaozhong Huang®
* [HEP

fRifEH: huangxz@ihep.ac.cn

High-energy physics relies on large and accurate samples of simulated events, but generating these
samples with GEANT4 is CPU intensive. The ATLAS experiment has employed generative adver-
sarial networks (GANSs) for fast shower simulation, which is an important approach to solving the
problem. Quantum GANSs, leveraging the advantages of quantum computing, have the potential to
outperform standard GANSs.

Considering the limitations of the current quantum hardware, we conducted preliminary studies uti-
lizing a hybrid quantum-classical GAN model to produce 1D and 2D calorimeter outputs on quantum
simulators. The impact of quantum noise is also investigated.
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Searching for Muonium-Antimuonium Conversion on MELODY:
The Physical Design

& Yuhang Guo®

! [HEP

MIBifEH: guoyh@ihep.ac.cn

Muonium-Antimuonium Conversion (MAC) is one of the possible way of the charged Lepton Flavor
Violation, which has been predicted by many beyond Standard Model theories. The most recent
exploration of searching for it was made in 25 years ago. Recently, not only the accelerator technol-
ogy, but also the detector performance have been deeply developed. Construction of a better MAC
spectrometer is imperative. In this presentation, a new design of MAC spectrometer is purposed
based on the advanced detector technology LGAD, and the pulsed muon source MELODY which is
being built in CSNS.

b TPP 141/ 36

Differential Interferometric Signatures of Close Binaries of Su-
permassive Black Holes in Active Galactic Nuclei

& Yu-Yang Songsheng!

H1E#H: Jian-Min Wang *

! Institute of High Energy Physics

MBifiE#: songshengyuyang@ihep.ac.cn, wangjm@ihep.ac.cn

Pairs of supermassive black holes (SMBHs) at different stages are the natural results of galaxy merg-
ers in the hierarchical framework of galaxy formation and evolution. However, identification of
close binaries of SMBHs (CB-SMBHs) with sub-parsec separations in observations are still elusive.
Recently, unprecedented spatial resolutions achieved by GRAVITY/GRAVITY+ on board the Very
Large Telescope Interferometer through spectroastrometry (SA) provide new opportunities to re-
solve CB-SMBHs. Differential phase curves of CB-SMBHs with two independent broad-line regions
(BLRs) are found to have distinguished characteristic structures from a single BLR. Once the CB-
SMBH evolves to the stage where BLRs merge to form a circumbinary BLR, it will hopefully be
resolved by the pulsar timing array in the near future as sources of nanohertz gravitational waves.
In this work, we use a parameterized model for circumbinary BLRs to calculate line profiles and
differential phase curves for SA observations. We show that both profiles and phase curves exhibit
asymmetries caused by the Doppler boosting effect of accretion disks around individual black holes,
depending on the orbital parameters of the binary and geometries of the BLR. We also generate mock
SA data using the model and then recover orbital parameters by fitting the mock data. Degeneracies
between parameters contribute greatly to uncertainties of parameters but can be eased through joint
analysis of multiple-epoch SA observations and reverberation mappings.

BT PEE 2 4/ 37

Performance study of SCECAL and 6 inch silicon sensors
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The physics research and feasibility of the next-generation Electron-Positron collider is currently
under investigation, with the goal of precise measurement of the Higgs boson, the W and Z bosons
as well as the top quark. The electromagnetic calorimeter (ECAL) in the barrel and endcaps en-
hances the detector system ‘s capabilities for jet measurements—-improves jet energy resolution
and augments the capabilities to measure high momentum photons and electrons. We present a
new design of crystal electromagnetic calorimeter, stereo crystal electromagnetic calorimeter (SCE-
CAL), in which long trapezoidal crystals are the basic unit composing the SCECAL. By rotating a
specific angle, a certain number of unit crystals can form a cylindrical detector. This novel design
has several advantages: good energy resolution while keeping the mechanical structure relatively
simple, uniform along Z, ¢ direction, and 2D readout in Z-¢ plane with 3D positioning capability.
A simulation model is established and the first results of the performance studies with the SCECAL
design using CEPCSW are presented, including the energy resolution, position resolution, and the
separation power of close-by particles. Additionally, we are actively preparing for the development
of 6-inch silicon sensors for calorimeters produced in China. The aforementioned information will
be introduced in this report.
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Predictions for the feed-down peaks at the X X X' and X_X X«
threshold in X_X— X/XXX(X)
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We demonstrate that triangle singularity (TS) and box smgularlty (BS) mechanisms can produce
unique narrow enhancements at the A.D and A.D* thresholds in the invariant mass spectra of
J/vp and J/ipm, respectively. Taking into account that such mechanisms only depend on the

initial Eﬁ*)D(*) interactions near threshold within the TS or BS kinematic regimes, the A.D and
A.D* threshold enhancements can be regarded as a feed-down phenomenon originated from both

the heavier pentaquark decays and the D scatterings from the continuum. A search for these
structures in the J/¢p and J /¢pr spectra in both exclusive and semi-inclusive processes will pro-
vide a smoking-gun evidence for the hadronic molecule nature of these observed pentaquarks and
clarify the role played by the TS and BS in the near-threshold dynamics.
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Achieving a linear magnetostrictive effect in textured MnCoSiGe
alloys
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TiNiSi-Type MnCoSi alloys have attracted much attention as a potential magnetostrictive material,
owing to the magnetic-field-induced metamagnetic transition. In the present work, the textured bulk
MnCoSi alloys with [100]o preferred orientation were prepared by a multi-stage thermal treatment.
Giant magnetostriction was achieved as much as -5268 ppm in the [100]o oriented stoichiometric
MnCoSi alloys at 300 K and under a magnetic field of 3 T. The substitution of Si with Ge element
results in a linear magnetostrictive behavior in the [100]o oriented MnCo0Si0.84Ge0.16 alloys, which
means that large magnetostriction can be obtained under a low magnetic field. The magnetostric-
tion for the MnCoSi0.84Ge0.16 alloys reaches up to -327 ppm and -330 ppm under a magnetic field
of 0.5 T at 280 K and 300 K, respectively. In a magnetic field of 1 T, the magnetostriction of the
MnCo0Si0.84Ge0.16 alloys is -923 ppm and -821 ppm at 280 K and 300 K, respectively. Through
the systematic investigation of the crystal structure, microstructure, and magnetic properties of the
MnCoSiGe alloys, the achievement of a linear magnetostrictive performance is ascribed to the en-
hancement of magnetization and decreasing of the width of martensite variants. Our work greatly
enhances the low-field magnetostrictive performance of MnCoSi-based alloys and makes them of
interest in potential applications.
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Double Higgs searches and exploration of fast simulation
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Since the discovery of the Higgs boson in 2012 at the CERN LHC, the Standard Model has been
proven to describe most of the observed phenomena up to the TeV scale. However, there are still
important aspects of modern science that are not covered by this theory, such as dark matter and the
nature of gravity. Many beyond-the-Standard Model (BSM) theories attempt to include these aspects
by predicting additional spin-0 or spin-2 particles coupling to the HH/HY. This presentation will
introduce various analyses of the resonance decays to double Higgs at the CMS experiment.
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Machine learning methods have now been widely applied. The Diffusion model can be used to
simulate the energy deposition distribution of high-energy electrons or photons in electromagnetic
calorimeters. By incorporating the Diffusion model into simulations, it is possible to predict the
energy deposition distribution more quickly and accurately, thereby improving the efficiency of
Monte Carlo (MC) generation.
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Abstract: We report the first catalog of TeV gamma-ray sources realized with the most sensitive wide
field-of-view TeV telescope ever built. Since January 2020, it continuously surveys the northern
sky with field of view ~ 2 sr and >90% duty cycle. Using 508 days of data collected by full array
of LHAASO-WCDA and 933 days of data collected by LHAASO-KM2A, 90 sources were detected
significantly, including 5 extra-galactic sources. 32 of these sources have no known TeV counterparts
within 0.5 degree. In this talk, detailed analysis will be presented including background estimation,
searching strategy and summary of the catalog.
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AMS ladder assembly using Gantry
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AMS ladder assembly using Gantry
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Measurement of the cosmic ray proton spectrum around the knee
region with LHAASO
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One of the main scientific aims of LHAASO is to measure the energy spectra of cosmic rays for
individual mass compositions. LHAASO is made up of three detector arrays, which are WFCTA,
KM2A, and WCDA. The three detector arrays can achieve hybrid observation, so several extensive
air shower observables that are sensitive to mass compositions can be measured simultaneously.
ROOT-TMVA package is used to combine these component-sensitive parameters for selecting pro-
ton events. The selected proton events have a purity of over 90%. The data used in this work are
collected between November 2020 and April 2021. We have also studied the associated systematic
uncertainties, including those introduced by the composition models, proton selection, energy re-
construction method, and hadronic interaction models.
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