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Chapter 1

BEARKNAH. EEHESTE

ﬁ

BERR, EXWESTR 4
B-Ga203 L 5T K Fo FE T 5 RERIER 52

Author: FH!
Co-authors: (M *; skE#EE& LRI

P IERCRF
Corresponding Author: yiwei@stu.pku.edu.cn

R AT T HRRER B-Ga203 (ETEZH S AL I 7 REE AR, BREEFZAL
S FEMTCZ B RER, M REEGRE e EiESs IS E G EENE, Eid
EEEZLE PR (2 A) SREEDPR (<40 meV) WHEHE B S BHTF B ME-EFiEEHfL
(STEM-EELS). BZERIE STEM NMEEIZEKH: (DFT) HE, BATEZEIINEGERESMEN
TRIBERIPR R EEIRZE IR (M 4.86 eV [EF 3.98 V), LI KHEE TR (6 MeV Au3+,
1x1015 B/ F75EK) 1A [010] S5 R FIIBMEIAMEEH, SBIRSAD SRR
BN/, X HEMTHEEHEER SR T o PR A GILEIEL, XEFHRES5ESmF
PERRIEIRAS, DFT BRI, #5220 (VGal Fl VGa2) REEEARIHER, FHEER TR RRH
RIZ=MAIER S 7 (POP) U N EER TF8E ., BEAmME, 5/\HEABAH VGa2
22l (PR 4.42 eV, HRURE 021 m,) MHEL, PUEAREIAIAY VGal 280225 | & 5 T2 A BREA R
(3.96 eV) FIERAERAE (0.10 m,)o [HAMEE SIS MEIT I AR S Tft, ] POP HX
BFRAETFIRER, KIIEEN TR FRESGHFES B TR BNERER, Nikik
INE T B-Ga203 BIBRFEIETE S B 5 ERE (L L2 4 X IO AR, TSR E 79K R E RS
TARTEERISCI IR E T2 S PRS- SAEM R EEER,

?E%ﬁ: HEWLSE, BN T EMEE, BTREERAN, DM, By, 81
=R

Abstract: Crosslinking structural transformation mechanism at nanoscale to the corresponding anisotrop-
ically electronic properties is essential to both the atomic-level controlled synthesis and extreme-conditional
applications of the ultrawide bandgap semiconductors. Here, we report the first direct observation of
bandgap variation at certain microstructural flaws in monoclinic crystal f-Ga203 via scanning trans-
mission electron microscopy-electron energy loss spectrum (STEM-EELS) technology with both high
energy and spatial resolution. Atomic-scale tilt of the Mosaic blocks relative to [010] zone axis is demon-
strated to cause specific point defects accumulation at block boundaries, resulting in the formation of
vacancy lines (or clusters) and then the crystal deformation induced flaws. These as-formed tiny Mo-
saic tilts observed from both in-plane and out-of-plane geometry are correlated to the corresponding
electronic structure obtained by density functional calculations, indicating the carrier mobility limits
transferred from intrinsic polar optical phonon scattering to the ionized oxygen atoms

scattering in the defective monoclinic crystal. These findings provide a new insight on these anisotropic
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defect formation induced electronic structural variation, paving the way for precise synthesis and de-
velopment of high-performance ultra-wide bandgap materials.

Keywords: Ultra-wide bandgap semiconductors, STEM-EELS, Mosaic Tilts, Electronic structures, Ion
irradiation

HARREE, E¥WES TR 15
%gémﬁmmﬁ&%@%@%&ﬁ%z&%%ﬂ%%%ﬁﬁﬁ

Authors: KL SKIE E; (R EE?; 2R B Fl’

VIEERE T EYHER
P AL BRI SE AT

Corresponding Authors: zhangmf21@mails.tsinghua.edu.cn, laidingguo@nint.ac.cn,xuqifu@nint.ac.cn,
limo@nint.ac.cn, giumengtong@nint.ac.cn

TR [FIRHEE BRSO =R a2 — AR ST F (L RCR &, 45 ] BRI RE X B2 tng, #R9F
BOVRES TARRN A=A Sl &, RN, SRR X 5Ly, BUERILUZ RI4H R BAAR S =)
EFEYARE IR R R ERORREE, El T NOEERES, Bl R MESIE R 2,
SCEURE ST RS R IIBON IR XE, AR AR AR S 8 = ARE RV B R A, B8 S T
WA T OBGER, E 8 T PR & AT BOS R B ERI R, BT T AREALZ R
THREEAARAL, Ot (ARSI ZE B ANJTTE, BN T2 PIC M1 MC J5 AR R R BAAR S —
WE SRS EERLUT R, 5L RMAL, EEEREIEE RPN REN 7.0%, B
S5 B RIS 2 5 A BT R SR T WA 1R T AR U5 R0 [F) el R PR AR S B =R
R P 1 A I PR A S AE R AU AR TR,

KEEIA: FHEARSS =RE, SETE, BRETHR, PBUES, B X HER

Abstract: The Cylindrical Virtual Cathode Reflex Triode (CVCRT) is a new type of pulsed hard X-ray
load characterized by high radiation conversion efficiency and a simple structure. When connected in
series or parallel as an array, it can generate a high-fluence, large-area, uniform hard X-ray field. Nu-
merical simulation is an important technical approach for the design and regulation of the radiation
field of CVCRT arrays. However, it is difficult to achieve an accurate simulation of the radiation field
due to the multitude of involved physical processes and the complex electromagnetic, particle, and ra-
diation environments. This study presents modifications to the original simulation method: a phased
modeling approach for the array load operation was adopted, incorporating the influence of cathode
plasma expansion on the impedance load characteristics. Electron energy loss verification was per-
formed across different models, and the spatial superposition method for the radiation field was refined.
Consequently, a numerical simulation methodology for the radiation field of CVCRT arrays based on
PIC and MC methods was established. Compared with experimental data, the mean relative error for
the simulated photon fluence was 7.0%, and the simulation accuracy of the radiation field intensity was
significantly enhanced compared to the original simulation method. This improved simulation method
provides a more accurate basis for the design of CVCRT array-type loads.

Keywords: cylindrical virtual cathode reflex triode, plasma, high current electron beam, bremsstrahlung,
hard X-ray source

RBRRIR, EEWES TR 19
ZEHTRARRH R ER FHARWEILHE

Author: 3!
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Corresponding Author: tp22@mails.tsinghua.edu.cn

TR U

ZREATRARIN R & SRR TR Da 1, 87 S RERICERN ERNMERE, AT
FUEA R TRE AN R, REREEESEENETHAR (RHAE TS5 ASHTHIL
1E) AYUEENLEH], @ EICHE S SEUE BT RRGRTE, TR TS5 B AR NRHE, %R
AR FEMENEEMER o A1 "Li B RN FEHSTh, B2 REE0WEF HA R
THHEARR KM Geantd SURF +F TEMETEMR, WIEFICHRIRYMERTE, HTFIRM @ KBS
MELeem, B HARRIRMELZER N, HRIESAF TSR EEHE EAE%, Hit
SESRWEEER. WA, PRI T HAM X RRRRIEMNE, AT7E8 S BRI A=
HIEMB AL LRt T EEHICSUHE SRS E, WRTHAF T IRIMERE B A KRR X

REF: thr RN Wbt S

Abstract: Multi-layer parallel-plate boron-coated ionization chambers are core devices for thermal neu-
tron detection, and the ion emission rate directly determines the detection performance. Focusing on
the regulation mechanism of coating thickness and layer number on ion emission rate (ratio of ions
emitted into the gas gap to incident neutrons) under normal incidence of thermal neutrons, this study
conducts systematic investigations through theoretical derivation and numerical simulation. Based on
the nuclear reaction characteristics between thermal neutrons and *°B, considering the attenuation law
of neutrons in boron layers and the emission behavior of heavy charged particles (o particles and "Li
ions), a theoretical calculation model for ion emission rate of multi-layer structure is established. A sim-
ulation system is constructed using Geant4 Monte Carlo tool to verify the accuracy of the theoretical
model. The results show that with the increase of boron layer number, the optimal boron coating thick-
ness for ion emission rate decreases gradually, and the emission rate under optimal conditions shows
a significant upward trend, with excellent consistency between theoretical and simulation results. In
addition, the influence laws of other key factors are preliminarily discussed. This study provides impor-
tant theoretical support and data reference for the optimization of structural parameters of multi-layer
boron-coated ionization chambers, and has practical significance for improving the performance of ther-
mal neutron detection.

Keywords: Neutron detection; Boron neutron conversion; Ion emission

BEARKRNH, EXYEETE/ 26

ET BN WARMARIBKH A FERIUEBCR

Author: FKEX!

Lk
Corresponding Author: zyg20@mails.tsinghua.edu.cn

TR BRI F R BAE IS WA SN N R O R RER B B TR, 1R, RAHTE
FRRAEE AR REIN o AT, ZE MR BN BRAL R NS RRMEIS W, SLESREE
A YR BRI MR, 8 B 50 S0 PERE DM S5E R R BUL, H AT R LR Bl
AL AN ETR AT B b - 2R R o (ORI F AT SR AL s i b b 7 Rl &8, HOR Ul & 1
10(-25)~10"(-22) C-cm*2 :Z [A], NRETHE = R BUL Tl SIS RN S 2RI T E, KM
K EREBWCERAE R B T HRIEOR, ERE BRI SRINER T, SE58H - SRR E5 & PRAESC LY
1ANRORIRK IR, SAT,  ELIN (R A S5-I ER A E AR K, RN E R BEXH (3 5T — K,
X TR E ERR RS, MFERERN . it AW RS HAERINERA, BT
PR RIS, B PRREZR, A LR A RHT LA 7 FRIBGSUN, YA BR S & ST LI i e 4l
PR 2 ACH (BN) INRRANBRRELE AR T Al RE, 8 SKIRE, 2R KRR RS
TREL XHMS AT, W ENNENRD B, RO PRI A VS AR PRas o, AT LISCER
10%(-16) C-cm*" 2 HY/E R B AR BIHIN RIATA., ARUEAN T B AIERMEARRIZ2H,

REEIF: BN AFRIE 5 BRIFeR 7200 REBE ; Wi i i (A
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Abstract: Ultrafast pulsed neutron detection is a critical diagnostic tool for characterizing the tempo-
ral evolution of nuclear reactions, playing an irreplaceable role in nuclear fission and fusion research.
However, the accurate diagnosis of nuclear processes with nanosecond-scale reaction times requires
detectors to possess nanosecond-level temporal resolution, exceptional neutron-gamma discrimination,
and appropriate sensitivity.

Currently, charge-collection type high-intensity ultrafast neutron detectors—represented by coaxial
Faraday cups and passive medium fast-neutron detectors—typically exhibit sensitivities in the range of
10"(-25)~10"(-22) C-cm" 2. These do not meet the requirements for high-sensitivity detection in neutron-
gamma radiation fields, necessitating the development of energy-collection type ultrafast neutron detec-
tion technologies. Among these, wide-bandgap semiconductor detectors can achieve a pulse response of
approximately 1 ns. However, their temporal response is directly coupled to the detector area. Further-
more, they are limited to primary signal amplification, posing significant challenges when diagnosing
lower-intensity radiation fields.

To address these limitations, this research explores novel ultrafast scintillators to establish a new detdc-
tor in neutron detection technology. Through collaborative innovation, Boron Nitride (BN) scintillators
—developed by Sun Yat-sen University—leverage quantum confinement effects to regulate defect lumi-
nescence, achieving both high light yield and rapid response. Experimental measurements demonstrate
that this novel scintillator is sensitive to neutrons while remaining insensitive to gamma radiation, with
a temporal response on the nanosecond scale. By integrating this scintillator into thin-film detectors, a
sensitivity of 10*(-16) C-cm”2 and nanosecond-level time resolution can be achieved, effectively filling
the current technological gap in high-sensitivity ultrafast neutron diagnostics.

Keywords: BN scintillator ; Pulsed neutron detection ; Sensitivity ; Response time

BRI, EEYEE TR 60
5%+ 1F 2% EDXRF RNR G S5-I 5 UE

Authors: T757"; KRR LAY R, WEEY BB K BRSO

' REREE TR
Corresponding Author: wangziyang201909@163.com

FE: s R CIBIRGE S 02, BRIETREZ. S REH LU S IR E &
RREZEINT, TEXEN A RY, RETEEEREANE, FIEsE A3, B5E
WEDH T EMRER R S, [EoiTERREK, LR EIES L IIZHEM 2 IENTER, AT
il T —EH T 5 R T e m E IR RE 2 A X S (EDXRE) RIRSG, %RA A ED)
NHOESHETIFENE, £ TSP, tESEZEH. & X S4ase. BT RSB
%Eiéﬁizxﬁﬁéﬁﬁ@\%EW%M&%#%%%&%%%,%ﬁ?*ﬁﬁ%?ﬂ%ﬁ
FHH =N

RATEAAMITRA L RRHE X HEETIRAFIE R, HZMER, X SEEEEN 130 kv,
BTN 300 pA, RARGHAYIARI T ZMIE L RFHEL:, {ERHA 130 kv BEATLUREHIR X SHERN
SR LB ZERETMEREUOE R, MRS, F2OEREIREDN 20-30 cm/min ; &M
AN, EDXRF REIERTTEN 1 min, DRSS, FHIRIS @IS SR XIS T AR
HHES, RIUCAIET L EEEZERIMNEENE, AMFERELE, Tt T =137
HlEFERIE AR ERE, HA ISR HI09 1.000 3.14 F1 9.00 Bq/g, /5% ICP-MS T3, X
= MERBEIREES A EFEER, REESKREERMRET, NI EN RS R T
THNERZEIE,

FHEE GBI B 8455 ICP-MS S5 5T b, HIRMG 16 HECHEE, PUERECIR =
0.928, FIFHEN MRS 321%. RAI RERAL1H9 0.7 Bq/g, KT 1.0 Bq/g NIFERIE, X
FIEEET 0.7 Bq/g 805 T 1.0 Bq/g BIFES,, ZEEARHINRY], HBHETE 0.7-1.0 Bq/g IR X [HZ
HNEESAERFRIRE T, TEMIA TN, REHEEMLERT 1vh, AL, AAHF LI
TR, SRASEIE AR AT XRE W&, R XRE 2R 5 U BN R4 R 2 A
BEHEITRIZNM X%, RERECH R? = 0.9454, FREFTEL: EDXRF RS HAS A ElN N 62 4 55056 5
XRF ML REEA B, EREGESRERH, %764 EDXRF RGATH Tl Rt Mol i, f5
%éﬁ%ﬁ@iﬁ%ﬁ@ﬁﬁﬁ%\%WﬂﬂﬁE,u&i%m”\ﬁ%ﬁiﬁgﬁﬁm%%%
AT,
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KRG 5%t ; 752X EDXRF 5 MUIZERN ; PoE 01k 5 BORHERE

Abstract: Rapid on-site screening and classification of uranium-contaminated soil are important in
nuclear facility decommissioning, radioactive contamination remediation, and uranium mining-related
environmental restoration, where large volumes of soil may need to be classified before disposal, back-
filling, or reuse. Conventional laboratory analysis provides accurate uranium concentrations but is time-
consuming and difficult to apply to continuous field sorting. In this study, an in-line energy-dispersive X-
ray fluorescence (EDXRF) detection system was developed for rapid uranium-contaminated soil screen-
ing under dynamic conveying conditions. The system integrates sample pretreatment, soil-layer height
control, high-voltage X-ray excitation, silicon drift detector-based fluorescence measurement, transmis-
sion imaging, density measurement, and software-controlled sorting in a field-deployable platform.

Uranium was identified and quantified mainly using its L-series characteristic X-ray lines. Field mea-
surements were performed at a tube voltage of 130 kV and a tube current of 300 pA. The tube voltage
of 130 kV was selected to provide sufficient primary-beam penetration and excitation flux for moving
soil layers. The conveying speed was set to 20-30 cm/min. For each measurement interval, the EDXRF
spectrum was accumulated for 1 min to improve counting statistics and obtain a representative uranium
signal from the soil passing through the detection zone. The system also allowed soil-layer height con-
trol and density measurement, enabling the material throughput to be calculated. Three field-prepared
samples with nominal activities of 1.00, 3.14, and 9.00 Bq/g were initially used for calibration. Subse-
quent ICP-MS analysis showed that their actual activities differed from the nominal values; therefore,
calibration-error correction was applied before comparison with laboratory results.

The calibration-corrected field-device results were compared with ICP-MS measurements. A total of 16
paired results were obtained after correction, giving a coefficient of determination of R* = 0.928 and a
mean absolute relative deviation of 32.1%. The detection limit of the developed system was estimated
to be 0.7 Bq/g, which is below the 1.0 Bq/g screening threshold. The developed system showed no mis-
classification for samples below 0.7 Bq/g or above 1.0 Bq/g, supporting reliable discrimination outside
the borderline range of 0.7-1.0 Bq/g. The system achieved a calculated throughput of more than 1 t/h
under the tested operating conditions. In addition, pressed-pellet XRF measurements of the correspond-
ing soil samples were conducted using a laboratory XRF spectrometer. The pressed-pellet XRF results
showed a strong linear relationship with the field-device results, with R? = 0.9454, indicating that the in-
line EDXRF system captured a uranium response trend consistent with laboratory XRF measurements.
These preliminary results demonstrate the feasibility of the developed in-line EDXRF system for rapid
field screening of uranium-contaminated soil. Further improvement will focus on certified calibration
samples, matrix-effect correction, and compensation for soil moisture, particle size, and layer-thickness
variations.

Keywords: uranium-contaminated soil; in-line EDXRF; field detection; rapid sorting; nuclear decom-
missioning
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Abstract: Naturally occurring radioactive materials (NORM) are present in waste generated during
shale gas drilling activities and pose potential risks to the environment, drawing increasing public and
scientific attention. In this study, soil, wastewater and effluent samples were collected across multiple
operational stages of shale gas development in Southwest China. A combination of in-situ gamma ab-
sorbed dose rate in air, soil radon concentration, radionuclide activity concentrations, and conventional
hazard indices was used to evaluate environmental radioactivity and potential occupational exposure.
The results showed that both the gamma absorbed dose rates and soil radioactivity were comparable to
those observed in other oil and gas fields, that were strongly correlated with uranium-series nuclides.
A strong linear relationship between 238U and 226Ra, indicating the two radionuclides were in near
radioactive equilibrium within the soil. The 210Pb/226Ra ratio was consistently greater than 1 and in-
creased with platform operation time, suggesting an accumulation of radon progeny. Discrepancies
between measured and calculated dose rates highlighted the need to prioritize direct measurements in
dose assessments. Worker dose assessments revealed annual effective doses below 1mSvy™. Further-
more, elevated concentrations of 226Ra, 228Ra, and 40K were detected in untreated-water, which could
be effectively reduced by existing treatment technologies. These findings provide a baseline for radi-
ological risk evaluation in shale gas fields and highlight the necessity for continuous monitoring and
wastewater management.

Keywords: Naturally Occurring Radioactive Materials (NORM); Shale Gas Extraction; Environmental
Radiation Exposure; Radionuclide Migration; Radioactive Wastewater Treatment
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Abstract: Terahertz (THz) streaking is a powerful technique for ultrafast longitudinal diagnosis of rel-
ativistic electron beams, as THz pulses generated via optical rectification are intrinsically synchronized
to the driving laser and exhibit wavelengths well matched to the characteristic phase-space dimensions
of relativistic electron bunches. However, the temporal resolution of THz streaking is often constrained
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to the femtosecond-level by the available THz pulse energy and the efficiency of the THz-electron in-
teraction. In this talk, we introduce a high-efficiency THz streaking scheme and the corresponding
experiments conducted at the FORTRESS (Facility Of Relativistic Time-Resolved Electron Source and
Scattering) beamline of Tsinghua University. Using single-cycle THz pulses with only a few microjoules
of energy, the measurement precisions of 100 as level for bunch length and 10 as level for arrival time
have been achieved. These results demonstrate the potential of THz streaking as a practical attosecond-
level diagnosis tool for the next-generation ultrafast electron beam facilities.

Keywords: Attosecond timing resolution; Relativistic electron beams; Terahertz streaking
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Abstract: Traditional dual-layer Compton cameras face limitations such as a restricted field of view
(FOV), low scattered photon utilization, and small sensitive volumes. To overcome these issues, we
propose a novel imaging structure consisting of four orthogonally arranged scintillator arrays (front,
back, left, and right). This configuration provides a total sensitive volume of 55 cm?®, achieving a 360°
omnidirectional coverage for incident gamma rays and effectively expanding the sensitive volume of
the detection system. The fundamental imaging unit utilizes an individual CsI(Tl) crystal directly cou-
pled to a single silicon photomultiplier (SiPM), an arrangement that enhances light collection efficiency
and significantly improves the energy resolution. In the readout electronics design, to minimize the
number of electronic channels and reduce the overall system cost, a multiplexed series readout scheme
is implemented, merging the output signals from multiple detection units into two readout channels.
Integrated with a custom-developed multi-channel digital data acquisition system, it forms a compact,
streamlined, and highly reliable Compton imaging electronics system.

Experimental results demonstrate that the system achieves an overall energy resolution of 6.2% (FWHM)
and an angular resolution of 12° for a 137Cs source, proving its capability to effectively identify and
localize radioactive sources from various azimuthal directions. Furthermore, this study prospectively
explores the application of artificial intelligence in image reconstruction. A machine learning-based
direct imaging method utilizing a multi-head attention mechanism is proposed, achieving end-to-end
reconstruction from raw detection data to the final imaging results. This approach offers a novel per-
spective for enhancing imaging efficiency in complex radiation fields.

In conclusion, the proposed multi-layer scintillator array Compton imaging system achieves a 360° om-
nidirectional field of view while significantly expanding the sensitive volume. The system exhibits
excellent comprehensive performance in terms of imaging sensitivity, response speed, and engineering
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feasibility, demonstrating highly promising application potential in fields such as radiation environmen-
tal monitoring, nuclear safety and emergency response, rapid localization of radioactive sources, and
nuclear medicine imaging.

Keywords: Compton imaging; Omnidirectional sensitivity; Scintillator detector; Serial readout circuit;
End-to-end reconstruction

EARRR, EXWES TR/ 18
TH IR R BT BRATES AT - S y SRS

Author: {A[JHE'

IR
Corresponding Author: 20244020019@stu.suda.edu.cn

WE: SEEEDYER, SRR E ZBER y SR S 2R THRIE F e 7 R RERY
K, L5 Nal(TI) IWERASRIESERER 0 PR T HEIFAE /AR, T CdZnTe S5 SRR &5 B2 BH
BALIERE, (EERARIA R BRG] 703, ¥5EK0" CsPbBr3 - SAFRE S HIERET],
=i TIEREA B SAES, WA EFHAUMES y MR TRRIAR S, R TAERE SR
52/ CsPbBr3 - SALRMIZR, % T HI[A) 99mTe FOLTF y MRAFEERIIIRSE, Hodid R B
WERIE(L, BRI, ZEERERREAIE, KT EFRIGEEM ARIERE, LRsh R
A, IZERMIZRTE 99mTe 141 keV y H4% NI 2.5% BVEEIKREE 0 PEK, £ 137Cs 662 keV LI
1.0% HVEE(RBEE D PER | RURAIZR B R B A E] 0.13%-0.21% cps/Bq, Derenzo phantom {14
g@%@ﬁ%%%ﬁ&%%mm,E%TCQW&%%W%W%@?&E?%%?yﬁ@%ﬂﬁ
D, B ERRCES A RIS s, EB DN, FEA = IR E AR IR
FE R, ARTIEREY TS HEA RN 5654 RSERDIEIR, ZHEIREEAL Geant4 AE
EURWELL, AIRITHE SNES IR, H1/2270ms18ER, Shockley-Ramo XN BT TR LUK
CSA Jpkif'F1 CR-RC4 SIS, REAS MY FEI AR HY & B RN 2 09 SEIN IR A AR IR M R, #5
PSR S LIPK IR B R — 20k, Hr AT oM am =54, (ERTREN AL E R
FHT AT SRR, HT =AM BIARUE, REREIEREE P PERHL) 55% EE 1.5%, T
T~ VZREZRAER N S5 (LML, (BB REMBKAACEEFIT RPN &N, 47 E, AT NEs
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Abstract: High energy resolution, spatial resolution, and detection sensitivity are essential for im-
proving single-photon nuclear medicine imaging. Conventional Nal(Tl)-based scintillation cameras are
widely used but limited by their moderate energy resolution, while CdZnTe semiconductor detectors
provide improved performance but still face challenges related to cost and material growth. CsPbBr,
perovskite semiconductors, featuring strong y-ray stopping power, room-temperature operation, and
potential cost-effectiveness, offer a promising route toward next-generation y-ray cameras. In this work,
we developed a pixelated CsPbBr, semiconductor detector system for 99mTc single-photon y-ray imag-
ing. Through surface charge-collection optimization, pixelated electrode design, multichannel readout,
and depth correction, the detector achieved excellent spectroscopic and imaging performance. The over-
all energy resolution reached 2.5% at 99mTc 141 keV and 1.0% at 137Cs 662 keV. Single-photon imag-
ing using point and line 99mTc sources demonstrated sensitivities of 0.13%—0.21% cps/Bq, and Derenzo
phantom imaging resolved column sources with a spatial resolution of approximately 3.2—-3.8 mm. These
results demonstrate the feasibility of CsPbBr; perovskite detectors for nuclear medicine y-ray imaging.
To further understand and optimize the detector response, we established a numerical framework for
dynamic charge induction and signal generation in pixelated perovskite semiconductor detectors. The
framework integrates Geant4-based energy deposition, finite-element electric-field and weighting-potential
calculations, electron and hole transport tracking, Shockley-Ramo induced-charge modeling, and charge-
sensitive amplifier and CR-RC* shaping simulations. It enables physics-based reconstruction of real-time
waveforms and energy spectra, and provides insight into charge sharing, depth-dependent pulse forma-
tion, and position-dependent charge collection loss. The simulated waveforms and spectra show good
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agreement with experimental observations. Moreover, by applying three-dimensional charge-loss cor-
rection, the simulated energy resolution was improved from approximately 5.5% to 1.5%, indicating the
potential of this framework for detector design optimization, signal correction, and pulse-processing
algorithm development. Overall, these studies establish a coherent pathway from experimental device
demonstration to physics-based signal modeling, supporting the development of high-performance, low-
cost perovskite semiconductor y-ray cameras for future nuclear medicine applications.

Keywords: perovskite semiconductor; CsPbBrs; y-ray detector; nuclear medicine imaging; single-photon
imaging; charge-induction simulation
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Abstract: The revelation and simulation of multi-scale fractures in surrounding rock and radionuclide
migration mechanisms are the prerequisite for the safety guarantee of nuclear waste geological disposal.
As along-lived radionuclide, Technetium-99 features strong migration capacity and serves as the critical
nuclide for repository safety assessment. Through migration and diffusion experiments of Technetium-
99 in granite fracture systems, this study clarifies the formation rule and occurrence characteristics of
fracture fillings and colloids in fractures, as well as their interaction mechanisms with radionuclides. It
quantitatively evaluates their impacts on the migration of radionuclides with low solubility and strong
adsorption, providing theoretical and engineering references for the safety assessment and long-term
safety prediction of high-level radioactive waste geological repositories

Keywords: 1.multi-scale fractures of surrounding rock 2.radionuclide migration mechanism 3.Technetium-
99 (Tc-99)
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Abstract: Aiming at the requirements of beam optics design and radiation physics analysis for syn-
chrotron radiation storage rings, this study constructs a relativistic single-particle dynamics simulation
platform based on the Modelica language. Leveraging the conciseness, object-oriented modeling capa-
bilities, and excellent extensibility of Modelica, the platform aims to provide a unified tool for storage
ring magnetic lattice modeling, particle tracking, and radiation effect analysis.

Regarding the physical model, the platform centers on the Landau-Lifshitz radiation reaction equation.
It introduces a classical radiation damping correction term to the Lorentz force and employs a relativis-
tic normalized coordinate system to mitigate numerical errors caused by the coexistence of physical
quantities across multiple orders of magnitude, thereby improving computational stability and solving
accuracy. In terms of software architecture, the platform utilizes Modelica’s object-oriented modeling
mechanism and connector features. A star-topology information bus is implemented for the global
broadcasting of particle states and the automatic superposition of multiple fields. Additionally, class
inheritance is utilized to support the plug-and-play functionality of various magnet components. The
platform implements various field components, including quadrupole magnets, sextupole magnets, and
radio frequency (RF) cavities, and features a built-in dual energy conservation verification mechanism
based on the work-energy theorem and total energy balance.

Results demonstrate that the platform has successfully passed unit tests for pure magnetic cyclotron
motion, electrostatic deflection, quadrupole and sextupole focusing, RF acceleration, and undulator tra-
jectories. Furthermore, in multi-turn tracking simulations of the storage ring, it accurately reproduces
the dynamic equilibrium between radiation damping and RF compensation, maintaining the energy con-
servation error within a reasonable range.

Overall, this study indicates that the platform can comprehensively perform single-particle dynamics
simulations for synchrotron radiation storage rings, providing an efficient tool for the lattice design,
algorithm verification, and prototype research of synchrotron light sources.

Keywords: Synchrotron Radiation; Particle Tracking; Modelica; Storage Ring
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Abstract: With the rapid development of the nuclear technology application industry, the demand for
the construction of nuclear-featured diagnosis and treatment platforms in the medical field is growing
rapidly. Since the conventional design and management mode of hospital projects is difficult to adapt
to the special technical requirements and control logic of nuclear technology medical application engi-
neering, it is urgent to increase the research investment in the refined design management system of
nuclear medical projects. As the application depth and breadth of nuclear technology in the medical field
continue to expand, the construction of nuclear-featured medical engineering is expected to become an
important carrier for cultivating new quality productive forces in the nuclear field, and an indispensable
core sector in the integrated development of China’s medical equipment and nuclear technology. To
ensure the on-time and high-quality commencement of nuclear technology medical application projects,
the application of full-process and refined design schedule management in the project preparation stage
is particularly critical.

The existing design schedule management of nuclear medical projects is mostly limited to a single pro-
fessional field, that is, relying on the traditional linear management mode to control design tasks with
fixed processes. However, such methods lack synergy, prone to problems such as mismatched parallel
design schedules and construction period delays, and are poorly adaptable to the iterative incremen-
tal characteristics and administrative approval uncertainties in nuclear medical project design. In fact,
the design schedule management of nuclear technology medical application projects is a multi-module,
multi-node and strongly coupled dynamic control problem. The schedule risks caused by fluctuations in
administrative approval processes and design scheme iterations cannot be fully predicted during project
implementation, and traditional management methods have significant application limitations.

Based on the above constraints, this paper innovatively proposes an optimized design schedule man-
agement system for nuclear technology medical application projects based on the hybrid development
method and Work Breakdown Structure (WBS). Through hierarchical decomposition and modular con-
trol of design tasks, it realizes accurate identification of key design nodes and dynamic adjustment of
schedule deviations. While ensuring that design results meet nuclear medical technical specifications
and application requirements, it can effectively improve the stability and predictability of design sched-
ule control, and has the management capability of full-process closed-loop optimization.

The feasibility and application effectiveness of the above management system are verified through the
full-process design management practice in the engineering preparation stage of the nuclear technol-
ogy medical application project of Beijing Nuclear Industry Hospital. The results show that the WBS
schedule management system based on the hybrid development method can significantly improve the
efficiency of design schedule control for nuclear medical projects. Compared with the traditional linear
design management mode, the overall design period of the project is shortened by 3 months compared
with similar projects, and the complete construction drawing design delivery and all administrative
approval procedures are successfully completed. Through hierarchical control of three major design
modules and dynamic tracking of milestone nodes, the schedule risks caused by high-frequency iter-
ation of design schemes and uncertainties in administrative approval are effectively resolved, thereby
greatly improving the refinement level of preliminary design management of nuclear medical projects.
It provides practical reference and technical support for the optimization of design schedule control and
high-quality engineering construction of nuclear technology medical application engineering projects.

Keywords: nuclear medicine nuclear-featured

Page 11



2026 FE IR Z S HE LA RN IS / Book of Abstracts
EARRMA. BEYEETE/ 151
B a1 = NN e G R e g vive s N I A=

Author: E&FE!

VIBERFLEYEER
Corresponding Author: zhouhejun@nuctech.com

R 2R RS ADEOREUE, Ukl 5 U RINE IS RIS A S TR R, B REIEN HoR
ARG, N AETIES, X7 R (LEIAE, 2R 5 B4 2 20
MR G A0 AIAI A XRT AW S E R BUREOR,  #A R/)N smm BIBATRIZE 15 50 e XE R T
g, SKHEEREIBIN SR E D 5.

KA BA, @b, 0, XSEOERER, MG

Abstract: The grade of global mineral resources is gradually declining, and traditional mineral process-
ing methods are trapped in the dilemma of severe environmental pollution and rising costs. Intelligent
mineral processing technology adopts physical means to pre-concentrate ores, and this approach has
been increasingly recognized by mining enterprises. Centering on how to process complex refractory
ores, this report conducts research on the separation challenge of ultra-fine particle ores as small as 5
mm by applying XRT and dual-sided high-definition visual imaging technology, so as to realize high-
accuracy identification and high-precision separation.

Keywords: Mine, Grade,Sorting, XRT, Fuse
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Abstract: Objective: Cancer represents a major global health challenge characterized by high incidence
and mortality rates. Accurate detection of tumor progression and radical surgical resection of lesions
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can significantly improve patient survival and prognosis. Disialoganglioside (GD2) is aberrantly overex-
pressed on the surface of neuroblastoma and various other tumor cells, representing a highly promising
biomarker. This study aims to develop GD2-targeted radiolabeled peptide probes for pan-cancer precise
diagnosis.

Methods: Using naxitamab and cholera toxin B subunit as ligands, GD2-targeted peptides were designed
and screened through in silico molecular docking and virtual screening. The binding specificity of can-
didate peptides to GD2 was validated through cellular experiments, and their targeting performance
was evaluated in animal models. Subsequently, high-affinity optimized peptides were conjugated with
radioactive nuclides to construct radiolabeled peptide probes suitable for SPECT imaging.

Results: GD2-targeted peptides with high specificity and affinity were successfully designed and screened.
Cellular experiments confirmed their effective recognition and binding to GD2-expressing tumor cells.
Animal model studies demonstrated that the constructed radiotracer exhibited excellent tumor-targeting
accumulation and imaging performance, enabling clear visualization of tumor lesions. Additionally, the
corresponding fluorescent probe with the same ligand provided effective navigation assistance for tu-
mor resection surgery.

Conclusion: This study successfully developed a GD2-targeted SPECT radiotracer with pan-cancer di-
agnostic potential. The probe can be applied to precise diagnosis and intraoperative navigation for
various tumors including neuroblastoma and breast cancer, providing a novel molecular imaging tool
for precision oncology.

Keywords: SPECT, Radionuclide imaging, Disialoganglioside, Peptide probe, Tumor
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Abstract: Background: Fibroblast activation protein (FAP) is an important target for radionuclide ra-
diotherapies (RPT) and is highly expressed in various solid tumors. With the rapid development of
""Lu-labeled FAP agents, accurate assessment of absorbed dose in preclinical models is essential for ef-
ficacy, safety, and clinical translation. Currently, MIRD-based organ-level dosimetry and Monte Carlo
(MC)-based voxel-level dose calculations have fundamental differences in physical models, and their
consistency requires systematic comparison. This study aims to compare GATE Monte Carlo simula-
tions with MIRD-based methods for dose calculation in tumor-bearing mice, with an emphasis on the
advantages of MC in physical processes such as particle transport, secondary electron deposition, tis-
sue heterogeneity, and boundary effects. Methods: Based on a U87 tumor-bearing BALB/c nude mouse
model, three *"Lu-FAP agents were injected via the tail vein. Small-animal SPECT/CT imaging was per-
formed at multiple time points post-injection, and VOIs of major organs were manually delineated to
obtain organ radioactivity at each time point. OLINDA/EXM, Odam, and the PKAD algorithm were used
to calculate TIACs followed by normalization, and organ absorbed doses were obtained based on the
MIRD framework combined with S-values. Meanwhile, SPECT/CT images were imported into 3D Slicer
for format conversion, and spatial coordinate transformation was performed using Python to generate
input for GATE simulations. Voxel-level MC simulations were performed using GATE v9.0 (Geant4). CT
images (0.25 mm voxel size) were used to construct a voxelized phantom, and SPECT images were used
to define a voxelized source. The physical processes included photoelectric effect, Compton scattering,
and bremsstrahlung, without energy cuts or variance reduction. The radioactive sources were ’’Lu.
DoseActor was used to output energy deposition and dose distributions. The simulation time was set
to 1/10-1/100 of the actual acquisition time, with statistical uncertainty <5%. Each mouse simulation
took 3.5 hours on a computing cluster. Based on the delineated VOIs, dose rates of each organ were
calculated, and total absorbed doses were obtained by integral fitting. Energy profiles and dose con-
tour lines were also analyzed. Results: All three radiopharmaceuticals showed high radioactive uptake
and retention in tumors. In terms of organ absorbed doses, the kidney and tumor absorbed doses calcu-
lated by the MIRD-based methods (OLINDA/EXM, Odam, PKAD) were 19.78-45.94 Gy/GBq and 670.27—
744.43 Gy/GBq, respectively. The results from different calculation tools were relatively close / showed
some differences. Voxel-level dose distributions obtained from GATE Monte Carlo simulations revealed
significant intratumoral dose heterogeneity, with mean absorbed doses ranging from 713.51 to 840.10
Gy/GBq, showing a difference of 12%-25% compared to the MIRD-based methods. At the voxel level,
the kidneys also exhibited local hotspots, with a maximum-to-mean dose ratio reaching 2.5. Conclu-
sion: The MIRD-based methods provide organ-level mean doses suitable for rapid assessment but fail to
reflect internal dose heterogeneity. GATE-MC, by accurately simulating particle transport, secondary
electron deposition, and boundary effects, reveals dose heterogeneity within tumors and kidneys, which
is closer to the true physical distribution. The two approaches are physically complementary, and their
combined use can provide a more comprehensive physical basis for preclinical dosimetry characteriza-
tion and clinical translation of RPT agents.

Keywords: Absorbed dose; MIRD; Monte Carlo; Radiation dosimetry; Medical physics
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Abstract: A novel permanent magnet eddy current retarder (PMECR), with a characteristic of temperature-
insensitive damping torque over a wide range of operating temperatures, is proposed for speed limit
systems. A compensating magnetic shunt is accomplished by utilizing the magnet cladding composed
of iron—nickel (Fe-Ni) alloy, and it is used to equalize the adverse effects of temperature sensitivity of
the magnet remanence and the conductor disk conductivity on damping torque. Based on the 3-D fi-
nite element method, the suppression effect of compensating magnetic shunt design on the sensitivity
of torque to operating temperature has been verified, and the influence of main structural parameters
is studied. Moreover, experiments with different compensation structures are conducted, varying the
rotational speed and changing the operating temperature within the range of 20 «C-150 -C. The experi-
mental results validate the accuracy of the simulation model, and the achieved quantitative indicator of
torque temperature sensitivity is less than 0.023%/-C. Additionally, compensating capabilities are deter-
mined for the potential range of cladding thickness in engineering. With the compensating magnetic
shunt, similar devices can maintain torque stability with the dynamic wide change of the operating
temperature.

Keywords: Eddy current brake, finite element analysis, magnetic shunt, sensitivity analysis, tempera-
ture compensation
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Abstract: Boiling phenomena are widely encountered in various scenarios of nuclear energy systems.
However, studies on radial temperature distributions and superheated layer thickness characteristics
during boiling remain relatively insufficient. Existing research mostly follows the definition of single-
phase thermal boundary layers, and inconsistent criteria for defining the superheated boundary layer
thickness unique to boiling have led to a lack of unified consensus on wall-normal temperature gradi-
ents and boundary layer evolution dynamics. This inconsistency hinders the quantitative description of
energy transfer and phase-change heat transfer mechanisms within the bubble boundary layer. To ad-
dress these issues, this study develops a micro-thermocouple (MTC) experimental method for fine-scale
temperature measurement of near-wall fluids, along with high-precision synchronized measurement
techniques featuring micron-scale spatial resolution and millisecond-level temporal resolution. Further-
more, a vapor/liquid phase separation algorithm based on physical mechanisms is proposed to obtain
the pure liquid-phase temperature distribution and local void fraction.

Keywords: superheated boundary layer; micro-thermocouple; boiling heat transfer
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Abstract: This study investigates the influence of long-term non-proportional leakage of He-Xe binary
working fluid on the lifetime performance and operating margin of a centrifugal compressor in a space
closed Brayton cycle. A coupled analysis framework of “leakage evolution—property drift—compressor
performance variation-system matching migration”is established. First, an equivalent leakage model is
developed to predict the temporal evolution of system pressure, mixture composition, and mean molar
mass. Then, a variable-composition real-gas property model is coupled with three-dimensional CFD
simulations to obtain compressor performance maps at different service stages. Finally, a compressor—
turbine system matching model is introduced to determine the migration of the operating line and ac-
tual operating point. The results show that preferential helium leakage leads to a nonlinear decrease in
system pressure, an increase in mean molar mass, and a reduction in the gas constant. These variations
drive the compressor operating point toward the high corrected-flow-rate region and gradually away
from the initial high-efficiency zone. At the end of service life, the high relative Mach number region
expands inside the impeller passage, accompanied by local choking tendency and enhanced separation
near the suction-surface/shroud corner. These flow mechanisms contribute to efficiency degradation
and choking-margin reduction. The results indicate that the design of long-life He-Xe centrifugal com-
pressors should account for lifetime boundary drift and operating-margin redistribution induced by
working-fluid leakage.

Keywords: closed Brayton cycle; He-Xe working fluid; centrifugal compressor; non-proportional leak-
age; real-gas properties; system matching; operating margin
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Abstract: The complex porous geometry of randomly packed pebble beds poses significant challenges
for thermal-hydraulic analysis in industrial applications. In particular, the presence of inter-particle
contact points often hinders the generation of high-quality computational grids for computational fluid
dynamics (CFD) simulations. To address this issue, this paper presents a grid-based, all-hexahedral
meshing algorithm designed specifically for randomly packed pebble beds. The method begins with
a Cartesian base mesh, which is subsequently projected and conformed to the geometric boundaries.
Automated contact treatments are integrated into the meshing process and refinements to the algorithm
include insertion of a buffer layer and mesh optimization. Two representative cases for the pebble bed
geometry demonstrates the advantage of the hexahedral mesh and the robustness of the algorithm.
Furthermore, the algorithm shows a better computational efficiency compared to commercial software
Fluent Meshing. Results show that the proposed hexahedral meshing algorithm is capable to handle
the complex, porous geometries of randomly packed pebble beds, which establishes a foundation for
high-fidelity CFD simulations in complex porous media.

Keywords: Hexahedral mesh; Mesh generation; Packed pebble bed; Contact points
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Abstract: Coalescence-induced droplet jumping (CIDJ) is a highly efficient passive droplet removal
mechanism on superhydrophobic surfaces, which has important application prospects in fields such
as condensation heat transfer, self-cleaning, and anti-icing. However, there is still a lack of system-
atic analysis of the coalescence behavior of mesoscale droplets in ridge structures and ridge lattice
systems, especially the collaborative regulation of the multi-droplet arrangement and the energy con-
version mechanism. In this study, the three-dimensional multi-relaxation time (MRT) pseudo-potential
lattice Boltzmann method (D3Q19) was used to systematically simulate the coalescence and jumping
process of droplets on ridge and ridge lattice superhydrophobic surfaces, and the influence of structural
parameters, droplet arrangement, and size ratio on the dynamic behavior and energy evolution path was
analyzed. The results show that the ridge height the geometric key is parameter governing the jumping
performance. The high-ridge structure can effectively constrain the expansion of the liquid bridge and
improve the vertical momentum conversion efficiency. The ridge lattice system can increase the jump-
ing velocity by 10.1% when the dimensionless ridge height h* = 0.83. The symmetry of droplet arrange-
ment significantly affects the energy conversion efficiency. Asymmetric arrangement is prone to cause
horizontal oscillations, while the lattice structure can compensate for its kinetic energy loss, with an
improvement amplitude of 98.68% for V-shaped arranged droplets. This study extends the explanation
of the CIDJ phenomenon from single-ridge and two-droplet systems to ridge lattice and multi-droplet
scenarios, clarifies the regulatory mechanism of structural parameters, droplet arrangement, and size
ratio on the jumping behavior, and provides a theoretical basis and technical support for the structural
design of superhydrophobic surfaces and the manipulation of mesoscale droplets.

Keywords: Lattice Boltzmann method, Coalescence-induced droplet jumping, Superhydrophobic sur-
face, Ridge lattice system, Droplet arrangement symmetry
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Abstract: Quasi-zero-stiffness (QZS) vibration isolators offer a superior solution for low-frequency vi-
bration isolation; however, their application remains constrained by an inherent sensitivity to the sup-
ported load. To address this limitation, this paper proposes a novel QZS isolator comprising specifically
shaped curved-beams and integrated regulation mechanisms to achieve a continuously tunable rated
load. Through the synergistic regulation of the lateral displacement and the rotation angle at the curved-
beam boundaries, the isolator’s QZS characteristic can be reconfigured to accommodate arbitrary pay-
loads within a design range. The research first employs nonlinear finite element analysis to elucidate
the synergistic effects of boundary conditions on load—displacement characteristics of the curved-beam.
Subsequently, a multi-objective optimization strategy is developed for designing the curved-beam, aim-
ing to satisfy the predefined load-tuning requirements while adhering to strength constraints. In the
optimization case presented herein, the isolator can be reconfigured to maintain QZS characteristics
across a payload range—as exemplified by an optimized design spanning 50% to 150% of the nominal
load. Nonlinear dynamic analysis is further conducted to evaluate the isolation performance under dif-
ferent boundary conditions and payloads, demonstrating the effectiveness of the synergistic regulation
in restoring system performance. Finally, a 3D-printed prototype was fabricated and validated through
comprehensive static and dynamic experiments. The results demonstrate that the isolator maintains a
consistent low cut-off frequency under three significantly different loads through the rated-load tuning
strategy. The proposed QZS isolator offers a compact and robust solution for high-performance passive
vibration control in complex engineering environments, with its QZS characteristic reconfigurability
ensuring practical viability in scenarios where precise payload prediction is challenging.

Keywords: Quasi-zero-stiffness isolator; Low-frequency vibration isolation; Nonlinear dynamics; Curved-
beam; Rated-load tuning; Boundary-condition regulation
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Abstract: Heat pipe cooled reactor (HPR) has the characteristics of small size and high safety, and can
be used in special application scenarios such as vehicle-mounted mobility. In this paper, the Mobile Nu-
clear Power System based on HPR named MNPS-1000, which is designed to generate 1IMWe, is selected
for research and analysis. Ac cording to the design, a whole system model is established, which includes
the reactor model, high-temperature heat pipe model, heat pipe heat exchanger model and energy con-
version system model, etc. Using MATLAB/ SIMULINK, the analysis platform suitable for this nuclear
power system is built. Based on this platform, the steady state and transient performance of the system
are characterized. In the steady state analysis, the simulated values of key nodes of the model are in
general agreement with the calculated values of parameter matching, and the maximum relative error
does not exceed 6 %. The effectiveness of characteristic analysis based on the built platform is verified.
In the transient analysis, typical reactor system accidents and energy conversion system accident are
simulated and analyzed respectively. The maximum temperature of the fuel assemblies in these acci-
dents does not exceed 1550 K, which is lower than the selected material temperature safety limit. The
inherent safety feature of the system is discussed.

Keywords: Heat pipe cooled reactor, Combined cycle, Vehicle-mounted mobile, System analysis

IRHERIE S TR/ 99
FHERFEER RN HERAERS AR5

Authors: 5K i A&
L IEERFE
Corresponding Author: zhangjie22@mails.tsinghua.edu.cn

AR BiemEEE R VHE (THFR) FARITAERIARIE M R i ZE FEOR I Z 2RI D A
Z—o ABHFERMIUTRMIATIF (CFD) J5ik, 71 1 BB RNV HEN R EEZE S [ L BT
IKIIR, WIFEEE R @ B2 R X A ERIR TR 7T EAHE (ONB) ArdRid SR
90% DA b, HENILHE S A RN, BFFEIR A — MR SERT TR BE AR LA | 20 A
TEENRT, EAEARNZRIRAER, XMRARERCIAN AR5 m EimRE, AmaEsgn 7
RESIZSHE (DNB) BIXE, WFFEieiNy, DREHEZEIR MR 2RE R MR E T
SN ERAE, MIEEMAIES IS, AR SEiE R B P EALH] A] il & S N HEHT S ZE SR AU
IR BRI HEILSOE, FHOVCERHA B L LIRITHE S E HE,

R TN, RETLEEE, Sy

Abstract: The narrow flow channel and local blockage accidents in the fuel elements of the Tsinghua
High-Flux Reactor are one of the key issues affecting core safety. This study uses CFD to analyze
thermal-hydraulic phenomena induced by local flow blockages in a high-flux reactor. Results show that
heat accumulation in the blockage wake contributes over 90% of the superheat required for Onset of
Nucleate Boiling, far outweighing pressure-drop effects. A critical “vortex trapping” mechanism was
identified, where vapor clusters are sequestered in recirculating eddies, forming a persistent vapor blan-
ket. This thermal-shielding effect isolates the cladding from the subcooled mainstream, drastically in-
creasing Departure from Nucleate Boiling (DNB) risks. The study concludes that micro-scale multiphase
dynamics, not macroscopic pressure fluctuations, govern reactor safety margins during blockages.The
physical mechanisms revealed in this study provide a theoretical foundation for monitoring and alarm
systems for blockage accidents in high-flux reactors and offer a reference for the optimized channel
design of advanced fuel assemblies.

Keywords: Narrow flow channel, Local flow blockage, Multiphase flow dynamics
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Abstract: The HTR-PM demonstration project, the world’s first commercial high-temperature gas-
cooled reactor pebble-bed module nuclear power plant, entered commercial operation on December 6,
2023. Several plant-wide tests, including power ramping, turbine trip, and reactor trip tests, were con-
ducted to verify the feasibility of the reactor coordinated control strategy and provided valuable field
data on key process variables. Analysis of these data reveals a pronounced response delay in the hot he-
lium temperature, which significantly degrades the performance of single-module coor-dinated control.
Motivated by this engineering issue, this paper proposes a robust Smith-like predictor-enhanced passivity-
based control method for the HTR-PM reactor module with large hot helium temperature response
delays. A time-domain Smith-like predictor is developed to estimate the delay-free hot helium tempera-
ture and incorporated into the passivity-based control framework. The proposed method compensates
for delayed thermal response while preserving the stability advantages of passivity-based control. Com-
pared with conventional PBC, it improves transient regulation performance and increases the allowable
delay margin for closed-loop stability, maintaining stable operation under large-delay conditions where
conventional PBC becomes unstable. Closed-loop asymptotic stability is theoretically analyzed, and sim-
ulations based on the HTR-PM single-module coordinated control scenario verify the effectiveness and
robustness of the proposed method.

Keywords: HTR-PM; coordinated control; large time-delay system; Smith-like predictor; passivity-
based control
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WHIRIE, MARIIRICFAFRBEERKE, keff, RIER T, 235U FHEELRIKE, MK
FHEE, BHFIRESSHE(LEE—B8, EMHERNS | ASBOIRIER T ZEFGR, FHIRE
R ERUREEIER, RN =SEOCHERNFEIEIMS 1.7 5,
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Abstract: High-fidelity, high-resolution simulation enables nuclear reactor margin exploration. High-
Power-Density Pressurized Water Reactors (PWRs) increase power density compared to conventional
PWRs, potentially leading to bubbly or even slug flow in the core. The increased non-uniformity of
power and thermal-hydraulic parameter distributions poses challenges to core lifetime design. In this
paper, a neutronics-thermal-hydraulic-burnup coupling tool is developed based on RMC and Fluent,
with an improved power mapping method, and is subsequently applied to the multi-field coupling anal-
ysis of fuel assemblies under various power levels. Results show that the proposed power mapping al-
gorithm can accommodate both rod-type and plate-type computational requirements, exhibiting good
mesh and geometric compatibility. The coupled neutronics/thermal-hydraulic/burnup code is validated
against a single-pin cell, yielding relative deviations for **°U and **'Pu density of less than 1%. The
Fluent two-phase flow model is also validated against the Martin experiment. From the coupling re-
sults for assemblies at different power levels, the trends of key parameters such as keff, power peaking
factor, concentrations of important nuclides (e.g., ***U), fuel temperature, and coolant temperature are
consistent. However, the introduction of two-phase flow leads to a significant increase in the power
peaking factor and a larger variation in the maximum fuel temperature over the fuel lifetime, while also
increasing the computational time by approximately 1.7 times.

Keywords: Monte Carlo; CFD; High power density PWR; neutronics/thermal-hydraulics/burnup cou-
pling
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Abstract: To improve the efficiency of whole-core neutron transport calculations for Tsinghua High
Flux Reactor and fully utilize the computational resources of single-machine CPU-GPU heterogeneous
systems, the GPU acceleration of entire three-dimensional neutron transport calculations has been stud-
ied and implemented. Whole-core transport calculation is based on the 2D/1D method, and the radial
calculation employs the two-dimensional method of characteristics(MOC), while the axial calculation
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uses one-dimensional MOC, and three-dimensional coarse mesh finite difference(CMFD) acceleration
has been implemented. Accuracy verification and efficiency analysis were performed using the C5G7
3D extension benchmark and the THFR 3D simplified model, with computations carried out on a single
NVIDIA 3090 GPU and a CPU utilizing 32-core parallel processing and SIMD vectorization. The results
indicate that the GPU achieves good computational accuracy, with full single-precision performance
being fully suitable for whole-core transport calculations; the computational speedup for the C5G7 3D
extension benchmark exceeded 40x, while that for the THFR 3D simplified model reached 5.6x, demon-
strating a significant improvement in computational efficiency.

Keywords: High flux reactor, Neutron transport calculation, 2D/1D method, GPU
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Abstract: Molybdenum-niobium (Mo-Nb) alloys are considered the preferred materials for energy con-
version components in space thermionic reactors because of their excellent creep resistance and high
vacuum work function. However, the fundamental mechanism of irradiation hardening caused by so-
lute Nb atoms remains unclear. Here, the interaction between edge dislocations and Nb-decorated
irradiation-induced defects was studied using molecular dynamics (MD) simulations, and the results
were compared to interactions with irradiation-induced defects and Nb-rich clusters. The simulation
results showed that Nb segregation to loops greatly affects the interaction between these loops and
edge dislocations. The loops can change from weak barriers to strong obstacles when decorated with
Nb, especially when the loop orientation is parallel to the glide plane and inclined relative to the Burg-
ers vector of the dislocation (< 111 > loops). The pinning strength of Nb-decorated <11-1> loops on
gliding dislocations also depends on Nb concentration. Once the Nb concentration exceeds a certain
critical level, the <11-1> loops can no longer be absorbed or sheared by the dislocations. Additionally,
the critical Nb concentration increases with <11-1> loop size. This happens because the average bind-
ing strength between Nb atoms and loops decreases as <11-1> loop size grows, requiring a higher Nb
concentration to compensate. These findings offer new insights into the mechanisms behind irradiation
hardening in the Mo-Nb system.

Keywords: Mo-Nb alloys; Nb aggregation; Irradiation hardening; Edge dislocation glide; Critical re-
solved shear stress
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Abstract: The Random Ray Method is a neutron transport numerical method that combines the de-
terministic line integration of the characteristic line method with random ray sampling. It has the
characteristics of simple geometric processing, low memory requirements, and is naturally suitable for
the parallel advancement of a large number of independent rays. Aiming at the overhead of Ray tracing,
source iteration and multi-group flux accumulation in three-dimensional non-uniform reactor physics
problems, this paper studies the solution idea of Random Ray multi-group neutron transport based on
CUDA. Methodologically, the fission source power iteration is adopted to solve the effective prolifera-
tion factor k_eff. At the GPU end, the main computation is decomposed into multiple kernels organized
according to the granularity of cell-group, ray, and Ray-group. Organize geometric tracing, along-line
attenuation integration, scalar flux statistics, and fission source updates into a parallel computing pro-
cess suitable for GPUs. Finally, the feasibility and acceleration effect of the method are verified through
the benchmark problems of Takeda and C5G7.

Keywords: Random Ray Method; neutron transport; CUDA; GPU acceleration; multigroup transport;
Takeda; C5G7
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Abstract: High-fidelity neutronics—thermal-hydraulics coupled analysis is an essential approach for
investigating the complex physical behavior of nuclear reactors. To establish an independently devel-
oped and fully controllable coupled analysis framework, this study presents the RMC/RTH-SC coupled
system, which is built upon the in-house Monte Carlo neutron transport code RMC and the thermal-
hydraulic subchannel code RTH-SC, with Python scripts serving as the coupling driver.

The scope of this work encompasses two primary aspects: first, the development and implementation of
full-core pin-by-pin analysis capability within the RTH-SC code; and second, the design and construc-
tion of the coupled computational platform. To address the complexity inherent in full-core pin-by-pin
modeling of commercial pressurized water reactors (PWRs), a preprocessing tool, SC-Pre, was developed
to enable automated construction of the full-core geometric model. On this basis, a coupled computa-
tional framework based on Picard iteration was established, along with the implementation of mesh
mapping between the neutronics and thermal-hydraulic domains.

To verify the computational accuracy of the coupled system, a full-core simulation was performed for
the VERA Benchmark Problem 7 reactor, and the results were compared against those obtained from
the RMC/CTF coupled solution. The comparison shows that the relative deviation in the effective mul-
tiplication factor is 7.1 pcm, the mean deviation in assembly-wise power distribution is approximately
1.4%, the mean deviation in moderator temperature is 0.74 °C, and the mean deviation in moderator
density is 0.83x107* gcm™. These results demonstrate that the developed RMC/RTH-SC coupled sys-
tem possesses satisfactory computational accuracy and can serve as an effective tool for high-fidelity
neutronics—thermal-hydraulics coupled analysis of PWRs.

Keywords: RMC; Neutronics/thermal-hydraulics coupling; RTH-SC
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R SRS, KEEFIS, WM, MiBBE, RALEEIHT

Abstract: Hydrogen production system by Methane Steam Reforming (MSR) using High Temperature
Gas Cooled Reactor (HTGR) is the most promising technology for nuclear hydrogen production in the
near future. The tritium permeation behavior produced by the reactor is extremely important when an-
alyzing the system safety. It is currently possible to connect a nuclear reactor to a hydrogen production
system by direct coupling or indirect coupling through an intermediate heat exchanger (IHX). In this
study, parameters such as partial pressure, temperature and different alloys were analyzed in steady
state and unsteady state. Then a calculational model for the permeation of tritium occurring at the IHX
is established. The results show that the permeation rate of tritium can increase nearly two times as the
temperature increases from 750 to 950°C in the steady state. The nuclear hydrogen production system
is indirectly coupled through an intermediate heat exchanger, which results in an approximately 90%
decrease in the partial pressure of tritium in the second circuit compared to the first circuit. These works
will contribute to the design of an efficient and safe nuclear hydrogen production system by MSR using
HTGR.
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Keywords: High-Temperature gas-cooled reactor, Hydrogen production using nuclear energy, Tritium,
Tritium permeation, System safety
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Abstract: Rapid in-situ gamma spectroscopy based on LaBr,(Ce) detectors is critical for nuclear emer-
gency response and environmental radiation monitoring. However, their limited energy resolution
leads to severe peak overlap and weak-peak masking in complex radioactive scenarios. Conventional
stepwise smoothing and background subtraction methods, as well as the commercial spectrum analy-
sis software GammaVision, suffer from significant weak-peak area loss under low Peak-to-Compton
ratio and low signal-to-noise ratio conditions, hindering rapid nuclide identification and quantification
in dynamic environments. To address this issue, this study proposes a 4-Level Wavelet ResAttention
model that embeds Discrete Wavelet Transform (DWT) multi-scale decomposition into an end-to-end
deep learning framework. The LevelNetRes module extracts high-dimensional hierarchical features of
weak peaks, while the Level-attention Transformer enables adaptive cross-scale feature fusion. A multi-
objective weighted loss function is further designed to jointly constrain peak position accuracy, peak
symmetry, and peak area error, thereby improving extraction accuracy and robustness. Experimental
results demonstrate that, compared with conventional methods, the proposed model reduces the rela-
tive mean squared error and peak shape distortion of net spectra by 95.82% and 97.71%, respectively, and
decreases peak area error by 89.33% under low peak-to-Compton conditions. In overlapping peak anal-
ysis, the area ratio error is reduced by 91.76%. In extreme measured scenarios with peak-to-Compton
ratios as low as 1.34-2.97, peak fidelity reaches 7.94 times that of conventional methods, while peak
area error is reduced by 17.47%. This model provides a high-precision and robust solution for analyzing
complex weak-peak spectra from low-resolution detectors, supporting rapid in-situ identification and
quantification of radioactive nuclides.

Keywords: Gamma-ray spectral analysis; Weak-peak extraction; Discrete Wavelet Transform; ResNet;
Transformer; Net spectrum prediction; Rapid in-situ measurement; Environmental radiation monitoring
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Abstract: Yttrium hydride (YHx) exhibits excellent neutron moderating capability and thermal stability,
giving it broad application prospects in high-temperature reactors. However, the inherent brittleness
of metal hydrides, along with cracking induced by hydrogen-induced phase transformation during the
hydrogen absorption process, poses challenges to the fabrication of crack-free yttrium hydride. Microal-
loying is an effective approach to mitigate hydrogen-induced cracking. In this study, first-principles cal-
culations were employed to systematically investigate hydrogen diffusion behavior, hydrogen-induced
phase transformation, and pressure—composition—temperature (PCT) curves in yttrium-based alloys.
The results show that microalloying increases the diffusion coefficient of hydrogen in the yttrium-
based alloy, while low-concentration doping does not hinder the phase transformation of YHx along
the {0001JHCP/{111}FCC path. Moreover, this study accurately describes the PCT curves of yttrium and
yttrium-based alloys using a purely computational approach.

Keywords: Yttrium hydride; first-principles calculations; diffusion; phase transformation; PCT
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Abstract: Reactor physics calculation is a core technology in nuclear reactor design, and its computa-
tional accuracy directly influences the reliability of the reactor design. The core physics library provides
cross-section data, fission yields, and decay data for reactor physics calculations; therefore, the accuracy
of the core physics library is a prerequisite for ensuring the precision of reactor physics computations.
Previously, the China Nuclear Data Center developed the TPEX core physics library with a 45-group
energy structure. Criticality benchmark verification revealed that the predicted effective multiplica-
tion factor (keff) in harder-spectrum uranium-fueled systems was systematically underestimated. To
enhance the accuracy of the TPEX library, a resonance integral and subgroup parameter adjustment
methodology based on escape cross sections is proposed in this study. An automated resonance inte-
gral and subgroup parameter adjustment system, designated ADJ_RI, has been established using the
steepest descent method, and an adjusted library, TPEX_adj, has been developed. This work resolves
the identified deficiencies of the TPEX library and provides essential data and technical support for the
engineering application of core physics libraries.

Keywords: Reactor Core Physics; Subgroup Parameters; Adjustment Method
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Abstract: A Galilean-invariant thermal-flow coupled multiple-relaxation-time lattice Boltzmann model
is developed for complex flows involving mass injection/suction and the associated heat transport. First,
based on the continuity and momentum equations with a mass source, a Galilean-invariant mass-source
formulation is constructed in moment space within the MRT framework. Chapman-Enskog multiscale
analysis demonstrates that the proposed formulation correctly recovers the Navier-Stokes equations
with mass source terms. In the one-dimensional benchmark test, the numerical error decreases approx-
imately as N_LB"(-2) under grid refinement and scales approximately with q_0"2with respect to the
source strength, confirming the second-order spatial accuracy of the model. The formulation is then
extended to thermally coupled mass-source flows. Under the assumptions of a single-component fluid,
constant properties, and low-Mach-number weak compressibility, a conservative temperature equation
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with a heated mass source is derived from the conservation laws of mass, momentum, and total en-
ergy. A corresponding MRT lattice Boltzmann model for the temperature field is established and con-
sistently coupled with the flow-field source formulation. To ensure the correct recovery of the target
temperature equation in the presence of body forces, spatially varying heat sources, and background
advection, two correction terms are introduced into the first-order moments of the thermal source term,
namely the temperature-force coupling term and the velocity-source coupling term. Numerical results
show that the proposed model effectively eliminates non-physical oscillations and anisotropic error
stripes induced by reference-frame translation. In moving mass-source tests, the global relative error
remains at or below the order of 10"(-6), corresponding to an approximately two-order-of-magnitude
reduction compared with the uncorrected model. In high-wavenumber mass-source stability tests, the
tolerable amplitude of mass-source perturbations is more than three times that of the conventional SRT
model. In the global pressure-regulation test, the relative error of the average pressure remains be-
low the order of 10*(-13). For the two-dimensional manufactured solution with heated mass sources,
the observed convergence orders of u_x, u_y, and Tare approximately 2.08, 1.87, and 2.10, respectively,
while the perturbation-based density error gives an observed order of approximately 2.48. These re-
sults demonstrate the nearly second-order recovery capability of the proposed model for coupled mass-
source, momentum-exchange, and heat-source effects. The present work provides a unified, stable, and
physically consistent lattice Boltzmann framework for thermally coupled flows with mass and energy
exchange, such as phase-change heat transfer, reactive flows, injection/suction flows, and pressure-
regulation problems.

Keywords: Lattice Boltzmann method; multiple-relaxation-time model; mass source; heated mass
source; Galilean invariance; thermal-flow coupling; second-order accuracy
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Abstract: This paper presents an integral effect test facility designed and constructed based on the Hier-
archical Two-Tiered Scaling (H2TS) methodology to meet the verification requirements for the integral
performance test of an advanced small modular integral pressurized water reactor (heating reactor) de-
veloped by SPIC. The test facility maintains high fidelity to the prototype in geometric configuration,
system layout, and engineered safety features, enabling accurate simulation of its key thermal-hydraulic
phenomena. Experimental studies on typical design-basis conditions were carried out. The results
demonstrate that: (1) For a pressurizer top LOCA, the passive Emergency Core Cooling System (JNG)
is automatically activated as designed; the coordinated operation of the Automatic Depressurization
System and the Direct Vessel Injection system ensures core submergence throughout the transient, ef-
fectively mitigating the accident consequences. (2) For a loss of tertiary heat sink accident (non-LOCA),
the Passive Residual Heat Removal system (PRHRS) engages promptly and establishes stable natural
circulation, successfully removing core decay heat and preventing system overpressure. The test data
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fully validate the sufficient capacity of the reactor’s engineered safety systems and the correctness of
the accident mitigation logic, providing essential experimental evidence for the safety review of this
reactor type.

Keywords: Integral full natural circulation; Small Modular Reactor (SMR); Passive safety; Integral effect
test; Safety characteristic validation
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Abstract: The primary-circuit coolant chemistry of high-temperature gas-cooled reactors is highly com-
plex, and the sources, chemical states, and deposition behavior of impurities are of great importance
to system reliability and safety monitoring. In this study, the white crystalline deposits found in the
HTR-10 dust filter were investigated through phase identification and formation mechanism analysis.
The samples were characterized by X-ray diffraction, Raman spectroscopy, and Fourier transform in-
frared spectroscopy. The results showed that the deposits were mainly composed of NH,B;0, 4H,0,
(NH,)3[B150,0(0OH),]-4H,0, and H;BO,. The morphology of the deposits was observed by SEM, the boron
content was analyzed by EDS and ICP-MS, and the thermal behavior of the crystals was examined by
STA. Based on the structural characteristics and operating conditions of HTR-10, it is inferred that the
boron in the deposits mainly originated from the boron-containing carbon bricks in the core, while
the ammonium species were likely related to trace migration of hydrazine or its decomposition prod-
ucts from the secondary circuit into the primary circuit through micro-leakage across the heat-transfer
boundary. This study reports for the first time the identification of borate deposits in the primary cir-
cuit of a high-temperature gas-cooled reactor, revealing a new phenomenon involving the migration,
transformation, and deposition of boron-containing impurities in the primary circuit. The findings can
provide reference for the identification of abnormal chemical processes, impurity source tracing, and
the optimization of coolant chemistry monitoring and purification strategies.

Keywords: High-temperature gas-cooled reactor; boric acid; corrosion; structural characterization
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Abstract: Currently, the development of advanced reactor technology in China is thriving, encom-
passing various reactor types such as lead-bismuth fast reactors, sodium-cooled fast reactors, high-
temperature gas-cooled reactors, liquid-cooled reactors and molten salt reactors, which utilise diverse
coolants and can be applied in a wide range of scenarios. Historically, safety assessments of advanced
reactors in China have primarily relied on existing content from the countries of origin for the same
reactor types, failing to establish a systematic development methodology. On the one hand, the current
nuclear safety regulatory framework and assessment methods are predominantly based on deterministic
approaches, designed for conventional water-cooled reactors; consequently, they cannot fully reflect or
adapt to the design characteristics of advanced reactors, posing challenges for nuclear safety regulation.
On the other hand, the absence of systematic assessment methods tailored to the safety characteristics
of advanced reactors has constrained the development of new technologies and their engineering im-
plementation. Currently, the National Nuclear Safety Administration is exploring reactor evaluation
methods suited to the current nuclear energy development landscape, and is actively promoting the ap-
plication of risk-informed approaches for advanced reactors. In recent years, in response to the develop-
ment of new reactor types, the United States has conducted methodological research on Risk-Informed
Performance-Based (RIPB) approaches. Through the selection and assessment of licence-defining events,
the identification of safety functions in building systems and equipment, and the evaluation of the ad-
equacy of defence-in-depth, a consensus has been reached on overarching issues using a predictable
methodology. This research report draws upon the analytical methods of the US RIPB and, in light of
China’s nuclear safety regulatory context, examines risk-informed evaluation methods for advanced
reactor designs. This includes the selection of design bases for risk-informed approaches, the classifica-
tion of safety functions for building systems and equipment, and the study of key design commitments
for advanced reactors. Furthermore, the report proposes case studies on typical advanced reactors to
provide a reference for the evaluation of advanced reactor designs in China.

Keywords: Reactor Design Review; Design Basis; Risk-informed; Performance-based; Design Basis
Accident; Licensing Basis Accident; Key Design Commitments; Advanced Reactors.
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Abstract: This study employs transition metal chalcogenides as a research platform to precisely mod-
ulate their magnetoelectric properties via interlayer-confined guest intercalation. We systematically
investigate the synergistic regulation mechanisms governing the atomic arrangement, band structure,
and spatial configuration of organic—inorganic guests. By targeting the core degrees of freedom that con-
trol magnetoelectric performance—charge, spin, orbital, and lattice—we implement atomic-scale control
over guest species, configuration, distribution, and concentration to induce emergent physical phenom-
ena such as Ising superconductivity and quantum phase transitions. Combined with atomic-resolved
structural and electronic characterization techniques, we establish quantitative structure—property rela-
tionships and elucidate the microscopic mechanisms underlying interfacial electronic state modulation
in devices. For instance, confined intercalation of organic/inorganic molecules or ions effectively de-
couples van der Waals interlayer interactions, enabling bulk crystals to exhibit Ising superconducting
behavior characteristic of monolayer structures. The quantum Griffiths singularity is observed for the
first time in tantalum—sulfur-based materials. The coexistence of emergent ferromagnetic order and su-
perconductivity is realized, and topological superconductor candidates are identified in these systems.

Keywords: Quantum materials; Superlattice; Ising superconductivity; Topological superconductivity
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Abstract: Nowadays, memristors mainly rely on external circuits to manage power consumption, es-
pecially under high electric fields,which increases system complexity and reduces

energy efficiency. To solve this problem, it is desirable to achieve memristors with an intrinsic current-
limiting mechanism that can energy-efficiently work under high electricfields. Here,we demonstrate
a robust Sn-doped B-Ga203 memristor that exhibits aprominent negative differential resistance(NDR)
effectat the MVm-1 level, which enables effective self-limiting of over shoot current.The coexistence of
the NDR and resistive switching characteristics is attributed to the reversible migration of oxygen vacan-
cies and dynamic modulation of the Schottky barrier. Importantly, thememristor demonstrates record
breaking NDR performance metrics, including the sharpest slope up to 3.55 and the longest endurance
up to 103 cycles and 104 seconds, among the reported ones.Furthermore, the memristor exhibits typical
an alog resistive switching and essential artificial synapse behaviors. Assisted with the sharpest and
stablest NDR effect under high electricfield, the robust Ga203 memristor offers apromising plat form
toward high-performance energy-efficient multifunctional applications.

Keywords: -Ga203, negative differential resistance, energy efficient, analog resistive switching, arti-
ficial synapse
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Abstract: As global energy systems transition toward carbon neutrality, the increasing variability of
renewable generation and climate-sensitive load poses significant challenges to net-zero power sys-
tem adequacy. However, current assessments often lack a framework that captures high-resolution,
long-term load dynamics alongside transmission and storage constraints under future climate condi-
tions. This study constructs an integrated assessment framework to evaluate the adequacy of a net-zero
power system by coupling high-resolution load forecasting with power system simulations. We first
developed a neural network-based Hourly Electricity Load Model (HELM) for China to forecast provin-
cial load under diverse socioeconomic and climate scenarios. These forecasts were then integrated into
an 8760-hour simulation model encompassing 30 provinces to assess system performance under more
than 300 configurations of interprovincial transmission and energy storage for each carbon-neutral tran-
sition scenario. Results show that national electricity demand will reach 23262.59 TWh in 2060, with
a summer peak of 3234 GW, revealing the challenges ahead in demand volatility and rising peak loads.
In a power system dominated by wind and solar power, substantial spatiotemporal mismatches lead to
potential electricity deficits of up to 59.54%. Targeted expansion of transmission and storage can miti-
gate these gaps, enhancing national system adequacy by 16.25% and exceeding 50% in power-importing
provinces such as Zhejiang. These findings provide a strategic roadmap for China’s energy transition
by emphasizing the coordinated development of interprovincial infrastructure, flexible resources, and
market-based support mechanisms.

Keywords: Net-zero power system, Electricity load forecasting, Machine learning, System adequacy,
Interprovincial transmission, Energy storage
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Abstract: Supercooled liquids exhibit complicated dynamical behaviors: At the microscopic level, the
dynamics is heterogeneous spatially, known as dynamic heterogeneity. At the macroscopic level, the
shear viscosity decreases as shear rate increases with a power law, known as shear thinning. The relation
between these two universal dynamical phenomena remains elusive. With simulations of several model
liquids in two and three dimensions, we show that they are quantitatively bridged by localized elastic-
ity embodied as transient clusters that elastically respond to shear. Prominent dynamic heterogeneity
emerges right after the massive yielding of these clusters, which is initiated by shear transformation
zones and facilitated by elasticity-mediated interaction. With this picture, a scaling law relating shear
thinning to the characteristic length of dynamic heterogeneity is found.
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Keywords: supercooled liquids; dynamical heterogeneity; shear thinning; molecular simulation
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Abstract: F91/ERNiICr-3 dissimilar metal buttering interfaces exhibit pronounced gradients in compo-
sition, microstructure, phase constitution, and thermophysical properties, making them potential weak
regions during high-temperature service. At the microscale, such an interface should not be regarded
as a geometrically sharp line, but rather as a fusion region or compositional transition zone with a fi-
nite spatial extent. The true fusion line, defined as the boundary of this region closest to the unmelted
F91 base metal, provides an essential spatial reference for interpreting the interfacial thermal history,
metallurgical zoning, and carbon-migration behaviour. However, in previous studies, the fusion line
has commonly been identified from the apparent boundary revealed by metallographic etching or elec-
tropolishing, although whether this boundary truly corresponds to the actual melting boundary remains
insufficiently verified.

In this study, FeCl, etching, electropolishing, microhardness-indent spatial marking, EDS, EBSD, JMat-
Pro calculations, and in-situ high-temperature observation were combined to investigate interfacial
macrosegregation, the location of the true fusion line, and the high-temperature phase stability of the
partially mixed zone (PMZ) in F91/ERNiCr-3 TIG buttering. The results show that the TIG-buttered
interface is not a uniform single structure, but mainly consists of PMZ-free ordinary interface segments
and PMZ-containing macrosegregated interface segments, which account for approximately 24.2% and
75.8% of the interfacial length, respectively. The boundary revealed by FeCl, etching mainly reflects
differences in corrosion response, whereas the boundary observed after electropolishing primarily cor-
responds to the bee/fec phase boundary. Therefore, neither boundary should be directly equated with
the true fusion line.

By correlating microhardness-indent markers with EBSD grain morphology and EDS Ni distributions,
the true fusion boundary was found to lie on the F91 base-metal side of the conventionally etched
boundary. This finding further reveals a previously overlooked F91 unmixed zone (UMZ) between the
CGHAZ and the PMZ/TZ. This zone exhibits solidification-related microstructural features, and its for-
mation can be attributed to insufficient mixing within the molten-pool boundary layer. Further analysis
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indicates that, although the PMZ retains a bcc structure at room temperature, local Ni enrichment low-
ers its Acl temperature to approximately 300-400 °C, below the typical service temperature of 541 °C.
In-situ high-temperature observation also revealed microstructural changes indicative of possible solid-
state transformation. This study clarifies the differences among the apparent etched boundary, the
phase boundary, and the true fusion line, providing a more accurate metallurgical basis for interfacial
microstructure identification, carbon-migration analysis, interpretation of retained high-temperature
ferrite, and service-risk assessment of F91/Ni-filler dissimilar metal joints.

Keywords: Dissimilar metal welding, Fusion line, Interfacial macrosegregation, Partially mixed zone
(PMZ)
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Abstract: In the context of global climate change, supply-side decarbonization pathways centered on
renewable energy expansion and electrification are increasingly constrained by critical minerals, land
availability, and ecological limits. As a result, the climate challenge is shifting from carbon mitigation
alone to one shaped by resource availability and system scale. Demand-side transformation has there-
fore emerged as a critical but underexplored pathway for deep decarbonization. This is particularly
important for China, where rapid building stock accumulation and large-scale renewal create a crucial
window for shaping long-term energy and material demand. However, existing studies largely reduce
demand-side interventions to efficiency improvements, overlooking their role in reshaping system-scale
dynamics and resource constraints. Here, we develop a sequentially coupled framework integrating a
building stock-based Material Flow Analysis (MFA) model with an energy system optimization model
(China-More 3.0) to assess demand-side transformation along the chain of demand, system scale, and re-
source constraints. We find that building demand-side transformation can deliver approximately 37 Gt
CO,-equivalent cumulative emission reductions over 2022-2060, with a substantial share arising from
demand reduction effects rather than efficiency improvements alone. By reducing final energy demand
at the source, demand-side transformation fundamentally reshapes decarbonization pathways, lowering
power system capacity requirements by about 23% (2.3 TW) by 2060 and alleviating transition pressures
in hard-to-abate sectors such as steel and cement. Importantly, demand-side transformation generates
systemic benefits by avoiding supply-side expansion. It reduces critical mineral demand, mitigates land
use pressures by avoiding 17,800-32,500 km? of renewable energy deployment, and yields cumulative
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net system savings of approximately 9 trillion RMB. Overall, the primary value of demand-side trans-
formation lies not only in emissions reduction, but in its ability to determine system scale by alter-
ing service provision, thereby alleviating multiple resource constraints simultaneously. These findings
highlight the importance of shifting from supply-driven decarbonization strategies toward system-level
approaches in which demand plays a central role.

Keywords: Building sector; Demand-side transformation; Deep decarbonization; Material flow analy-
sis; Energy system optimization
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Abstract: T91 ferritic/martensitic steel is regarded as one of the most important candidate structural
materials for lead-cooled fast reactors because of its good high-temperature strength, thermal conduc-
tivity, and resistance to irradiation swelling. Under actual service conditions, however, T91 is subjected
not only to continuous corrosion in flowing lead-bismuth eutectic (LBE), but also to irradiation-induced
displacement damage and gas-related defects. Therefore, its long-term performance should be under-
stood from the combined effects of irradiation damage, oxide-scale evolution, and dynamic corrosion
instability rather than from corrosion or irradiation alone.
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In this work, the dynamic corrosion behavior of T91 in oxygen-saturated flowing LBE and the mi-
crostructural evolution induced by sequential helium implantation and Fe self-ion irradiation were
jointly considered in order to establish an integrated understanding of T91 degradation under lead-
cooled fast reactor-relevant conditions. Under dynamic LBE corrosion at 500 °C, saturated oxygen con-
centration, and 3 m/s, T91 exhibited a typical layered oxidation structure. After 1000 h, a rough and
non-uniform corrosion layer had already formed on the surface, with a total thickness of about 14-19 pm.
After 2000 h, the corrosion layer thickened to about 21-30 um, while the surface background became
relatively finer and more uniform. At 3000 h, the total thickness remained in the range of about 24-30
um, indicating that the net thickening rate had markedly decreased. Nevertheless, three-dimensional
surface topography revealed a pronounced increase in height fluctuation and directional instability at
the late stage. Combined cross-sectional EDS and XRD analyses showed that the corrosion scale con-
sisted of an Fe-rich outer oxide and a Cr-enriched inner oxide, and that the dominant surface phases
belonged to the magnetite/spinel family. These results indicate that the late-stage corrosion behavior
of T91 in flowing oxygen-saturated LBE is no longer governed by simple oxide thickening, but rather
by a competition between oxide growth and outer-layer degradation, exfoliation, and regeneration.

To characterize the irradiation-induced near-surface defect state, T91 was pre-implanted with 2000 or
6000 appm He at 450 °C, followed by 3.25 MeV Fe self-ion irradiation. The results showed that helium
pre-implantation significantly altered the subsequent defect evolution. When the He content increased
from 2000 to 6000 appm, the average bubble diameter decreased from about 3.42 nm to about 2.91 nm,
whereas the bubble number density increased from about 0.71 x 1023 m-3 to about 2.42 x 1023 m-3,
i.e., by a factor of about 3.4. Meanwhile, the dislocation-loop density increased by nearly one order of
magnitude compared with the Fe-only condition, and abundant bubble-loop complexes were formed
in the high-He sample. Nanoindentation measurements further revealed a non-monotonic hardening
response. In the 100-200 nm depth range, the normalized hardness increments for the Fe-only, Fe +
2000 appm He, and Fe + 6000 appm He conditions were about 207.2%, 187.9%, and 263.8%, respectively,
meaning that the 2000 appm He sample was slightly softer than the Fe-only sample, whereas the 6000
appm He sample exhibited the strongest hardening. This behavior suggests that, at a moderate helium
level, He-V clusters and sparse bubbles mainly act as vacancy traps and mitigate loop-controlled hard-
ening, whereas at a high helium level, dense nanoscale bubbles and bubble-loop complexes become the
dominant obstacle field and significantly enhance irradiation hardening.

Taken together, the present results suggest that the service degradation of T91 under lead-cooled fast
reactor-relevant conditions should be interpreted through the coupling of two interconnected processes.
Dynamic high-oxygen LBE determines the formation, stratification, and late-stage instability of the pro-
tective oxide scale, while irradiation-induced bubbles, dislocation loops, and their coupled complexes
modify the near-surface defect structure, diffusion pathways, and local mechanical response, thereby
potentially affecting oxide nucleation, growth, and scale stability. Although the current irradiation
experiments follow a helium pre-implantation plus Fe self-ion irradiation route, the observed defect
evolution and hardening behavior provide important implications for understanding the irradiation-
corrosion coupling of T91 in lead-cooled fast reactor systems and provide a basis for future work on
pre-irradiation-assisted short-term dynamic corrosion experiments.

Keywords: T91 steel; lead-cooled fast reactor; dynamic corrosion; irradiation hardening
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Abstract: Electric vehicles (EVs) are increasingly relevant to power-system resilience because they add
electricity demand while also creating flexible load. This study estimates the operating value of EV charg-
ing flexibility in a 2060 Chinese power system exposed to short historical climate-stress events. Three
48-72 hour climate-stress events are imposed on a provincial PyPSA-China-TIMES power-system model
after installed generation capacity, stationary-storage power and energy capacity, and inter-provincial
transfer capacity have been fixed from an annual baseline. Under event weather with uncontrolled
charging, national unserved electricity demand reaches 5.50-19.49 TWh within the historical event win-
dows. Smart charging reduces these shortfalls by 1.08-3.40 TWh, and V2G provides a further 0.24-0.58
TWh reduction. The combined smart-charging-plus-V2G response lowers event-window unserved elec-
tricity demand by 20.4-23.9%, indicating that EV flexibility can provide measurable operating resilience
when short-duration climate stress creates concentrated scarcity.

Keywords: electric vehicles; smart charging; vehicle-to-grid; climate extremes; power-system resilience;
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Abstract: F91/ERNiCr-3 dissimilar metal buttering interfaces exhibit pronounced gradients in compo-
sition, microstructure, phase constitution, and thermophysical properties, making them potential weak
regions during high-temperature service. At the microscale, such an interface should not be regarded
as a single geometrical line, but rather as a fusion region or compositional transition zone with a finite
spatial extent. The true fusion line represents the boundary of this fusion region closest to the unmelted
F91 base metal, and therefore provides an important spatial reference for defining the interfacial thermal
history, metallurgical zoning, and carbon-migration behaviour. However, in previous studies, the fu-
sion line has commonly been identified from the apparent interface revealed by metallographic etching
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or electropolishing, while whether such an apparent interface corresponds to the true melting boundary
remains insufficiently verified.

In this study, FeCl, etching, electropolishing, microhardness-indent spatial marking, EDS, EBSD, JMat-
Pro calculations, and in-situ high-temperature observation were combined to systematically investigate
the interfacial structure of F91/ERNiCr-3 TIG buttering. The results show that the buttered interface is
not a uniform single structure, but mainly consists of PMZ-free ordinary interface segments and PMZ-
containing macrosegregated interface segments, which account for approximately 24.2% and 75.8% of
the interfacial length, respectively. The interface revealed by FeCl, etching mainly reflects differences
in corrosion response, whereas the interface observed after electropolishing may be largely governed
by the local Ni content and its compositional gradient. Neither type of apparent interface corresponds
to the actual fusion line.

By combining microhardness-indent spatial marking, EBSD grain analysis, and EDS-based characteri-
zation of Ni diffusion/enrichment, the actual fusion line was confirmed to be located approximately 20
pum on the F91 base-metal side of the conventionally etched interface. This finding reveals a previously
overlooked F91 unmixed zone between the CGHAZ and the PMZ/TZ. This region exhibits solidification-
related microstructural features and is likely associated with insufficient mixing of liquid metal within
the molten-pool boundary layer. These results clarify that the apparent interface conventionally identi-
fied by etching is not the actual fusion line, refine the metallurgical zoning of the F91/ERNiCr-3 bcc/fec
dissimilar metal interface, and provide a more accurate metallurgical basis for subsequent analyses of
interfacial carbon migration and the mechanism of retained high-temperature ferrite.

Keywords: Dissimilar metal welding, Fusion line, Interfacial macrosegregation, Partially mixed zone
(PMZ)
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Abstract: With the extensive deployment of nuclear energy, uranium contamination—particularly in
the hexavalent form U(VI)—has become an escalating threat to aquatic systems. Photocatalytic reduc-
tion, has emerged as a green and sustainable strategy for environmental remediation. However, achiev-
ing high photocatalytic efficiency and effective solar energy utilization remains a significant challenge.
In this study, a series of BaTiO3/g-C3N4 (BTO/CN) type-II heterojunction photocatalysts were syn-
thesized through a simple hydrothermal method with rational band alignment. The effect of different
BTO/CN ratios on U(VI) removal efficiency was evaluated. Among the tested compositions, BaTiO3/g-
C3N4-4 exhibited the highest photocatalytic performance, achieving a U(VI) removal efficiency of 96.2%
within 20 minutes of visible light irradiation—significantly outperforming both individual components
and other composite ratios. The optimized heterojunction effectively modulated the electronic band
structure, facilitating the rapid separation of photogenerated electron-hole (e~h+) pairs. Furthermore,

Page 41



2026 FEHZFBREHE A RICEE / Book of Abstracts

the synergistic effect between the heterojunction interface and the intrinsic ferroelectric properties of
BaTiO3 significantly suppressed charge carrier recombination and extended the visible-light absorption
range. This, in turn, substantially enhanced the overall photocatalytic efficiency of the system. The ra-
tional design of BaTiO3/g-C3N4 heterojunctions offers a promising strategy and a robust experimental
basis for the development of high-efficiency photocatalysts of uranium remediation.

Keywords: Graphitic carbon nitride; Barium titanate; Photocatalytic; Uranium (VI); Environmental
remediation
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Abstract: Yttrium hydride is a promising high-temperature neutron moderator for advanced microre-
actor applications, yet its irradiation response at substoichiometric hydrogen concentrations remains
insufficiently understood. In this work, the microstructural evolution of YH1.58 under 2.5 MeV Fe2+
ion irradiation was systematically investigated over a wide range of temperatures (50-465 °C) and doses
(0.1 and 1.5 dpa), using transmission electron microscopy (TEM), complemented by density functional
theory (DFT) calculations. At 0.1 dpa, irradiation damage is dominated by defect clusters, with a clear
temperature dependence: defect clusters increase in size and decrease in density as temperature rises,
and cavities become observable only at 465 °C. At 1.5 dpa, pronounced changes in damage morphology
are observed, including microcrack formation at low temperatures and band-shaped deformation struc-
tures at elevated temperatures. At 50 °C, open microcracks are oxygen-enriched due to the formation of
yttrium oxide (Y203), with DFT calculations indicating that crack formation creates vacancy-assisted
pathways that facilitate hydrogen migration towards crack surfaces, promoting hydrogen desorption
and subsequent oxygen incorporation. These findings provide new insights into the coupled roles of
temperature, irradiation dose, deformation, and chemical redistribution in the irradiation response of
yttrium hydride, which is crucial for its application in advanced nuclear reactors.

Keywords: Yttrium hydride; ion irradiation; microcracks; microstructural evolution
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Abstract: Photovoltaic (PV) power generation is a key technology for advancing the green tran- sition
of the energy system and achieving emission reduction targets. As the core com- ponent of PV sys-
tems, PV modules have experienced rapid technological progress and continuous cost reductions in
recent years, providing critical support for large-scale PV deployment. However, module production
is electricity-intensive, and its carbon emis- sions are closely linked to the local power generation mix.
Currently, global PV module production and trade are highly concentrated in China, prompting some
countries to adopt protectionist policies, primarily in the form of trade barriers. The implications of
such policies for the global production and trade patterns of PV modules, as well as related economic
and environmental impacts, remain insufficiently understood.

This study develops a computable general equilibrium model with an explicit PV module sector (C-
GEM_PV). Based on a detailed dataset covering module production and energy use, the PV module
sector is disaggregated from the electronic equipment manu- facturing sector to explicitly characterize
its production, trade, and energy consumption, with the base year updated and calibrated to 2023. Us-
ing C-GEM_PV, this study designs multiple trade restriction scenarios to examine how increasing trade
barriers under emis- sion reduction targets reshape the global PV module production and trade patterns,
as well as associated economic and environmental impacts.

The main findings are summarized as follows. (1) Under emission reduction sce- narios without ad-
ditional trade restrictions, global PV module production continues to expand, driven by growing de-
mand for PV power, and is projected to approach 1,000 GW by 2035. China remains the central hub of
global production, while India exhibits strong growth potential and is expected to surpass Vietnam as
the second-largest pro- ducer. (2) Global trade restrictions significantly reduce PV module production,
with a maximum decline of approximately 10.9% in 2035, and lower production concentration. Module
output decreases in major exporting regions but increases in importing regions. Meanwhile, global PV
power generation declines markedly, with the United States being most affected, experiencing a reduc-
tion of up to 24.4% in 2035. Trade restrictions lower marginal abatement costs in net exporting countries
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while increasing them in net import- ing countries, and result in welfare losses across all regions. (3)
Global trade restrictions

substantially reduce the total value of PV module trade, while further increasing China’s share in global
trade. China’s export structure becomes more diversified, with reduced dependence on the European
Union market, whereas the United States decreases its re- liance on imports from Vietnam and shifts
toward other Southeast Asian suppliers. (4) When trade restrictions are imposed solely by the United
States, their impacts on global PV module production, trade, power generation, and welfare are sig-
nificantly mitigated, while China’s share in global production and trade further increases. The United
States experiences greater welfare losses than under global trade restriction scenarios, whereas other
countries face relatively smaller losses.

Based on above findings, several policy implications emerge. (1) Major exporting countries should ex-
pand domestic PV application markets and diversify export markets to strengthen resilience against
external trade risks. (2) Major importing countries should align trade policies with emission reduction
targets and substitute trade barriers with efficiency-driven measures. (3) Countries should replace trade
restrictions with multi- lateral consultations, leveraging global trade and climate governance platforms
to foster cooperation and prevent trade frictions from impeding global climate governance.

Keywords: Global emissions mitigation; Photovoltaic modules; Trade restrictions; Policy analysis;
Computable General Equilibrium Model
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Abstract: The performance of centrifugal compressors is limited by two conditions: surge and choke,
which not only lead to a sharp decline in pressure ratio and efficiency but may also cause blade damage.
The stall phenomenon fundamentally arises from the mismatch between the gas incidence angle and the
diffuser vane angle under off-design conditions, which triggers flow separation on the suction surface
of the vanes, leading to the formation of low-energy fluid regions that block the flow path. To suppress
flow separation and widen the stability margin, this paper proposes an improved diffuser structure based
on a kind of leading-edge slot. This approach addresses the narrow stable operating range of conven-
tional diffusers and has been applied to the Radiver impeller. Numerical simulations demonstrate that
the proposed method effectively enhances diffuser performance. To precisely optimize the geometric
parameters of the triangular slots, this study introduces a Blockage model to quantify the flow path
obstruction level, with the optimization objectives set as near-surge and near-choke conditions. An
automated optimization is performed using the NSGA-II multi-objective genetic algorithm. Detailed
analysis of the optimized design (OP) reveals that introducing appropriately sized slots at the leading
edge significantly expands the compressor’s stable operating margin and effectively suppresses bound-
ary layer separation within the diffuser under both near-surge and near-choke conditions. This study
also demonstrates that utilizing Blockage as an optimization objective can effectively characterize the
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system’s stability margin, offering a new perspective and a reliable methodology for the aerodynamic
optimization design of centrifugal compressors.

Keywords: Vane Diffuser; Leading-Edge Slot; Boundary Layer Separation; Blockage
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Abstract: China’s commitment to carbon neutrality by 2060 requires 5000-8000 GW integration of
variable renewable energy, which may pose unprecedented grid stability challenges. Using spatial-
temporally resolved modeling to co-optimize capacity expansion and system operation for hybrid wind-
solar-hydropower systems, we quantify the flexibility requirements of pumped hydro storage (PHS)
and cascaded hydropower in a decarbonized grid. We demonstrate that deploying 205 GW of open-
loop PHS reduces system costs by 81 billion yuan (about 11.6 billion USD) annually while decreasing
VRE curtailment by 11%. Through reservoir-level modeling of closed-loop PHS, we reveal that con-
ventional approaches systematically overestimate capacity requirements by 30% and inflate costs by
36 billion yuan (about 5.2 billion USD) annually by failing to capture operational flexibility. Crucially,
price volatility in renewable-dominated markets generates arbitrage revenues sufficient to enable the
commercial viability of PHS without subsidies—a finding with global implications for financing energy
transitions. Optimizing hydropower cascade operations yields an additional 116 billion yuan (about 16.6
billion USD) in annual savings. Multi-year climate simulations confirm system resilience across diverse
weather conditions. Sophisticated modeling of pumped storage and hydropower flexibility is essen-
tial for designing economically viable pathways to deep decarbonization in large-scale power systems.

Keywords: Carbon neutrality; Pumped hydro storage; Hydropower cascade; Power system expansion
modeling; Renewable energy integration; System flexibility
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Abstract: The rapid development of the light industry has led to an increasing discharge of high-salinity
wastewater containing small organic molecules such as dyes, amino acids, and antibiotics. Achieving
efficient separation of small organic molecules and inorganic salts (divalent and multivalent salts) is
of great significance for wastewater resource utilization and zero discharge. This study focuses on the
construction of high-performance loose nanofiltration (LNF) membranes to alleviate the “permeation-
separation”trade-off effect. Based on interfacial polymerization optimization, the effect of intercalation
of two-dimensional materials—graphene oxide (GO) and molybdenum disulfide (MoS;)—on membrane
structure and performance was systematically investigated. Through orthogonal experiments, the opti-
mal interfacial polymerization conditions for the PVDF base membrane were determined: PIP concen-
tration 4 w/v.%, standing time 300 s, TMC concentration 0.05 w/v.%, standing time 90 s, and thermal
treatment for 30 min, which can yield a stable NF membrane. In GO modification, three methods—
addition into casting solution, intercalation, and addition into aqueous phase—were compared, and the
intercalated structure bridged with dopamine (DA) was found to be the best, resulting in the PVDF/PDA-
GO LNF membrane. This membrane exhibits a flux of 10.45 L/(m?-h-bar), PEG2000 rejection of 76.05%,
and Mg2S04 rejection of 4.88%. Mechanism analysis indicates that the separation is mainly controlled
synergistically by size exclusion and the Donnan effect. Furthermore, using low-cost MoS2 to replace
GO and combining vacuum filtration with in-situ confined interfacial polymerization, an H-PVDF/MoS2
LNF membrane was constructed. This membrane achieves a pure water flux of 830.42 L/(m*-h-bar), a
Congo red/Mg2SO, separation factor of 52.01, and significantly weakens the trade-off effect. Its high flux
is attributed to hydrophilicity and a larger pore structure, while the negatively charged surface and 0.63
nm interlayer spacing enable efficient selective separation. At the same time, the membrane achieves
a flux recovery rate of 95.92% under acidic conditions and can operate stably under low pressure (0.08
MPa), demonstrating good potential for industrial application.

Keywords: small organic molecules, inorganic salts, interfacial polymerization, loose nanofiltration
membranes, mechanism study
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graphene oxide intercalation for efficient desalination of small
organic molecules
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Abstract: The separation of small organic molecules and inorganic salts is crucial for achieving indus-
trial wastewater resource utilization. Through flux, rejection rate, and separation tests of small organic
molecules and inorganic salts using nanofiltration membranes prepared by three different doping meth-
ods of graphene oxide (GO), it was found that the method of forming a PDA-GO interlayer using GO
and a dopamine (DA) coating performed the best. Consequently, a novel type of loose nanofiltration
membrane material (PVDF/PDA-GO-TFN) was prepared, aiming to improve the separation performance
of small organic molecules and inorganic salts, enhance surface stability and anti-fouling properties of
the membrane, and reduce the “trade-off” effect. This study identified the optimal conditions for form-
ing the PDA-GO interlayer and, on this basis, the best combination for interfacial polymerization. The
formation of the interlayer structure was confirmed by SEM-EDS, AFM, and FT-IR. The pure water flux
of the PVDF/PDA-GO-TEN loose nanofiltration membrane reached as high as 10.45 L/(m2-h-bar), the
rejection rate for the standard PEG 2000 molecule was as high as 88%, and the rejection rates for in-
organic salts NaCl and Na2SO4 were as low as 11% and 6.8%, respectively. By performing correlation
analysis on surface contact angle (hydrophilicity), charge (Zeta potential), and pore size (BET) of the
membrane, it was determined that the separation mechanism is the Donnan effect and steric hindrance
effect. After four cycles of washing and filtration with a mixed solution of small organic molecules and
inorganic salts, the average FRR of the membrane was 99.06%, indicating strong anti-fouling ability. In
addition, a significance analysis of the inorganic salt rejection rate using SPSS showed that the mem-
brane has excellent stability. In summary, the preparation of PVDF/PDA-GO-TFN membrane material
provides a new approach for the efficient separation of small organic molecules and inorganic salts by
nanofiltration membranes.

Keywords: Graphene oxide; Dopamine; Loose nanofiltration membrane; Desalination of organic wastew-
ater
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Abstract: In the context of future low-carbon energy systems, nuclear energy plays a strategically im-
portant role in ensuring energy security and achieving deep decarbonization. The reliability of nuclear
fuel materials under service conditions is a fundamental basis for the safe and efficient utilization of
nuclear energy. In high-temperature gas-cooled reactors, matrix graphite in fuel elements serves simul-
taneously as a moderator, structural material, and final barrier against the release of fission products
into the primary circuit. Its oxidation mechanism and associated fission product release behavior are
therefore among the key scientific issues in accident-condition safety assessment. In the event of an
air ingress accident, the high-temperature oxidizing atmosphere may increase the failure probability of
TRISO-coated fuel particles, resulting in the release of more fission products into the matrix graphite.
Meanwhile, the matrix graphite itself undergoes oxidation, during which retained fission products may
not only affect graphite oxidation kinetics but also experience chemical transformation and further re-
lease into the primary circuit. Therefore, investigating the oxidation process and release behavior of
fission-product-containing matrix graphite is of great significance for source term evaluation and nu-
clear fuel safety analysis under reactor accident conditions.

In this study, stable cesium iodide was used as a simulated fission product and loaded into matrix
graphite by solution impregnation to represent the fission-product-containing matrix graphite envi-
ronment in irradiated fuel elements. Thermogravimetry-mass spectrometry-Fourier transform infrared
spectroscopy, horizontal tube furnace oxidation experiments, and first-principles calculations were com-
bined to systematically investigate the effect of cesium iodide loading on the high-temperature oxidation
behavior of matrix graphite, as well as the release, transport, and retention characteristics of iodine and
cesium during oxidation.

The TG-MS-FTIR results show that cesium iodide loading significantly reduces the activation energy at
the initial oxidation stage of matrix graphite and markedly promotes the oxidation reactions of graphite
to carbon dioxide and carbon monoxide. However, within the loading range investigated in this study,
the variation in cesium iodide loading has no significant influence on the activation energy. The hor-
izontal tube furnace oxidation experiments indicate that, at 600 °C, 700 °C, and 800 °C, most cesium
and nearly all iodine are released from cesium-iodide-loaded matrix graphite. Only a small fraction of
cesium remains in the oxidation ash in the form of carbonates or oxides, and the residual cesium further
decreases with increasing oxidation temperature. Among the released cesium, a minor fraction deposits
near the sample end of the quartz tube together with unburned graphite flakes, whereas the majority
is released and transported in the form of cesium iodide aerosols. Part of the iodine is oxidized into
gaseous iodine and absorbed by alkaline solution, while most iodine is also released and transported as
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cesium iodide aerosols.

First-principles calculations further reveal that cesium atoms exhibit lower adsorption energies than
iodine atoms on graphite surfaces, especially on defective graphite. This suggests that cesium iodide
loaded in matrix graphite may preferentially interact with defective graphite through cesium. Such
interaction may enhance the chemical activity of defective graphite and thereby promote graphite oxi-
dation; it may also explain why cesium is more likely than iodine to remain in the oxidation ash. These
results reveal the influence mechanism of simulated fission product cesium iodide on the oxidation kinet-
ics of matrix graphite and the differential release behavior of iodine and cesium, providing experimental
evidence and theoretical support for graphite oxidation analysis, fission product source term assessment,
and nuclear fuel material safety evaluation under air ingress accident conditions in high-temperature
gas-cooled reactors.

Keywords: High-temperature gas-cooled reactor; matrix graphite; air ingress accident; cesium iodide;
oxidation kinetics; fission product release; cesium and iodine release behavior; first-principles calcula-
tions
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Abstract: As many reactors around the world are decommissioning, the prevention and control of ra-
dioactive aerosols during this process have emerged as a key challenge. Plasma arc cutting or simplified
as plasma cutting is a widely-used decommissioning technique, during which aerosols are generated
rapidly and variably. However, the temporal evolution and formation mechanisms of these aerosols are
usually unknown, leading to uncertainties in aerosol pollution control. This study comprised a com-
bination of a bipolar electric mobility particle sizer and optical particle sizer to measure aerosols in
the size range of 10 nm-20 pm with high time resolution (<1.5 min). The submicron aerosols show a
bimodal particle number size distribution (PNSD) with the coexistence of a nucleation mode (<30 nm)
and an accumulation mode (100-500 nm). Aerosol modeling indicates that evaporation-condensation
and coagulation dominate particle growth, and nucleation-mode particles can be caused by ion-induced
nucleation due to high concentration of ions in the plasma. The number concentration of aerosols pro-
duced by cutting carbon steel is the highest, while cutting aluminum is the lowest. The peak particle
diameter from cutting carbon steel is the largest, and the aluminum the lowest in the size range of 100—
200 nm. For carbon steel, the thickness of the plate exerts a negligible influence on the PNSDs, while the
percentage of nucleation-mode particles is found to be significantly higher at 100 A current than at 50
A current. The ventilation can reduce the aerosol number concentration by one order of magnitude and
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suppress the growth of aerosols. The study provides a theoretical basis for the optimization of the ra-
dioactive aerosol control (e.g., ventilation timing, current parameters, etc.) during the decommissioning
cutting process.

Keywords: Nuclear decommissioning; Plasma cutting; Radioactive aerosols; Particle number size dis-
tribution; Evaporative-condensation and coagulation
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Abstract: Problem definition . In developing countries, most retired electric vehicle batteries (REVBs)
are recycled by informal battery recyclers (IBRs) rather than by formal battery recyclers (FBRs), reflect-
ing a market failure described as “Bad money drives out good money”. We investigate the root causes of
this market failure and evaluate the effectiveness of existing policy instruments—namely, government-
funded recycling subsidy policy and manufacturer-based EPR policy—in addressing the problem. We
also try to propose responsibility-sharing policy that combines the strengths of both policies, aiming to
offer a more comprehensive solution to this market failure.

Methodology/results : We develop a closed-loop supply chain model with recycling price competition
between the IBR and FBR. Four policy scenarios are considered: No policy, recycling subsidy, EPR and
responsibility-sharing policies. Results show that without policy intervention, the recycling cost gap be-
tween IBR and FBR—determined by battery manufacturers—continues to increase, driving the market
failure. When IBRs remain active in the recycling market, none of the three policies effectively incen-
tivize manufacturers to lower the cost gap. However, the responsibility-sharing policy can first drive
IBRs out of the market when FBR recycling is socially efficient and subsequently incentivizes battery
manufacturers to reduce the recycling cost gap, which establishes the conditions under which EPR and
stand-alone recycling subsidies can be effective.

Managerial implications . Given the large recycling cost gap in developing countries, the government
should first implement the responsibility-sharing policy. After IBR exit the market and the recycling
cost gap narrows, it can shift to EPR, and finally to recycling subsidy.

Keywords: Retired electric vehicle battery; Recycling competition; Recycling subsidy Policy; EPR Pol-
icy; Responsibility-Sharing Policy
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Abstract: The tube model, which reduces the interaction of many-chain entanglement to a single-chain
picture, has enabled quantitative descriptions of the mechanical behaviors of polymeric materials and
underpins applications from polymer processing to life sciences. In strong extensional flows, however,
this theory systematically fails. Herein, through molecular dynamics simulations of entangled polymers,
we reveal a strain-induced crossover from the entangled state to a packed state in the inter-chain con-
figuration. Following the saturation of primitive chain stretch, convective disentanglement and chain
alignment reorganize the system into a packed configuration of aligned segments. This crossover funda-
mentally alters the origin of the stress in nonlinear extensional flows, which explains the breakdown of
the tube model under such conditions, and leads to a quantitative prediction to the mechanical response
at large extensional strains. These findings clearly show how the collective inter-chain reorganization
governsthe nonlinear extensional behaviors.

Keywords: Polymer physics, soft matter condensed matter, complex fluid physics, molecular dynamics
simulation
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Abstract: This study examines the behavior of water molecules on the UO2(111) surface, focusing on
adsorption and dissociation, using density functional theory (DFT+U). We determined the adsorption
configuration of a single water molecule and observed that it exhibits a tendency toward dissociative ad-
sorption, characterized by a low energy barrier for dissociation.In the case of multiple water molecules,
the presence of additional water molecules promotes dissociation, and the hydrogen bond interactions
between water molecules gradually strengthen. Water molecules that act as hydrogen bond donors in-
teract more strongly with the UO,(111) surface. Furthermore, in the mixed adsorption on the UO,(111)
surface, the system’s stability is significantly influenced by hydrogen bonds. Based on the analysis of
dissociation energy barriers and adsorption energies, the surface adsorption shows a clear preference
when the ratio of molecular water to dissociated water is 1:1. Ata 1 ML coverage, as the water molecules
fully dissociate, the repulsive interactions between the surface adsorbates significantly increase, leading
to a decrease in the dissociative adsorption energy to -0.32 eV. In the thermodynamic calculations, 0.5
ML coverage is the optimal configuration, and as the temperature increases, water molecules gradually
desorb, eventually leading to a clean surface.

Keywords: Adsorption; Water cluster; UO2(111); Dissociation; DFT
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Abstract: Sodium-ion batteries are emerging as promising alternatives to lithium-ion batteries but face
heightened fire and explosion risks due to their low thermal stability and early onset of thermal runaway
(TR). Efficient suppression strategies are therefore essential. Water mist (WM), widely recognized as a
clean and effective extinguishing medium, is investigated here for its applicability to SIB cells. This
study examines TR behavior of 18650 SIB cells at different states of charge (SOC) under controlled
thermal abuse, with and without WM intervention. Results show that WM application at or before
the critical temperature (Tc) can suppress TR, where Tc decreases from 182.5 -C at 0% SOC to 155.4 oC
at 100% SOC. When suppression is incomplete, WM still lowers the TR peak temperature by 40% and
reduces gas—flame intensity. Quantitative analysis indicates that WM prolongs the induction period of
TR, delaying secondary onset by over 6 min for cells at 50-100% SOC even under sustained heating. This
delay substantially enhances the available time for evacuation and emergency response. These findings
provide new insights into the TR suppression mechanisms of SIB cells and offer practical guidance for
optimizing WM application in safety protection strategies.

Keywords: Sodium-ion battery, Water mist, Thermal runaway, Cooling mechanism, Critical suppres-
sion temperature
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Abstract: Within highway tunnels, various emergencies during the transportation of petrochemical
products may lead to liquid spills and fires, forming spill fires in the tunnel. This paper aims to in-
vestigate the effects of blockage caused by stranded vehicles on the combustion and flame behavior
of spill fires during tunnel fires through experimental and simulation methods. A series of spill fire
experiments were conducted in a tunnel with blockage ratios of 12%/20%/30%. The tests varied the dis-
tance between the leak location and the blockage (spill fire spreads beneath the blockage and the flame
contacting the blockage d=0m; spill fire does not contact the blockage d=0.3m) and employed five dis-
charge rates: 100/150/200/250/300mL/min. Flame height, burning area, and ceiling temperature were
measured. FDS simulations further revealed typical velocity, temperature, vorticity fields, and vortex
structures. The results indicate that the flame height is greater at d=0 m than at d=0.3 m. When the
blockage ratio increases from 12% to 30%, the maximum flame height at d=0 m rises by approximately
10%. In contrast, the flame oscillation frequency is higher at d=0.3 m; similarly, its maximum value
at this position increases by around 6% as the blockage ratio increases from 12% to 30%. Blockage in
contact with the flame significantly changes the flow field around the flame and air entrainment. By
analyzing the spreading combustion process of spill fires, this study proposes a method for calculating
the instantaneous combustion rate. Based on the limitations imposed by blockage on both flame sur-
face and upper flame entrainment, this study revised the entrainment boundary and combustion rate,
introduced an entrainment limitation coefficient, and established predictive models for the flame height
and oscillation frequency of spill fires during different combustion stages.

Keywords: Spill fire, Blockage, Vortex dynamics,Flame height, Oscillation frequency
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Abstract: Driven by the “dual carbon” goals, co-firing biomass in coal-fired power units is a critical path-
way for the low-carbon transformation of existing coal power capacity. However, the coexistence of
chlorine and alkali metals introduced by biomass with the sulfur inherent in coal leads to complex multi-
phase gas-solid synergistic corrosion on high-temperature heating surfaces, posing a significant tech-
nical bottleneck that limits co-firing ratios and compromises unit safety. To address this key scientific
challenge, this study focuses on the typical boiler steel 12Cr1MoV and establishes a multi-component
synergistic corrosion simulation experimental system. The coupling corrosion behavior and mecha-
nisms involving HCI, SO,, H,O, and simulated ash deposits were systematically investigated within the
temperature range of 450-600°C. The study reveals a dynamic equilibrium mechanism between the HCI-
dominated “active oxidation” and the competitive adsorption inhibition by SO,: HCI triggers severe
corrosion by destroying the protective Cr,0; scale, whereas SO, preferentially occupies active surface
sites due to its lower critical reaction partial pressure, thereby partially mitigating Cl™ ingress. For the
first time, the “dual regulatory” role of water vapor (10 vol%) in mixed atmospheres was identified: it
exhibits a significant corrosion inhibition effect under all tested conditions by promoting the formation
of a denser, more stable Cr,O,-rich scale and altering the migration pathways of Cl/S species. Under
simulated 20% energy-input co-firing conditions with combined ash and gas exposure, the synergistic
effect of mixed ash and acid gases results in an extreme corrosion rate of 42.60 mm/a, quantifying the
peak risk of multi-phase coupling. This work elucidates the mechanisms of multi-phase ash-gas syner-
gistic corrosion, and the findings provide a direct theoretical basis and technical support for material
selection, operational optimization, and corrosion mitigation strategies in coal-biomass co-firing boilers.

Keywords: Coal power low-carbon retrofit; Gas-solid coupling corrosion; HCI/SO, synergistic mecha-
nism; Safety control; Protective layer failure
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Abstract: Smoke control systems are a critical component for ensuring the fire safety of infrastruc-
ture. Traditional smoke control system design predominantly relies on a case-by-case paradigm, with
decision-making based on comparisons among a limited set of design schemes, lacking data-driven op-
timization methods that can accommodate diverse infrastructure configurations and fire scenarios. To
overcome these challenges, this study proposes an Al-driven generative design framework that inte-
grates a diffusion model with NSGA-II to optimize smoke control system schemes. Considering the
diversity of infrastructure configurations and the uncertainty of fire scenarios, a diffusion model is de-
veloped to efficiently predict smoke control performance. Meanwhile, a diffusion model-based NSGA-II
framework is constructed by incorporating fire risk assessment indicators, enabling automatic genera-
tion of risk-cost optimal solutions for random scenarios through global exploration of the design space.
Taking tunnel fire scenarios as a case study, the method achieves 95% prediction accuracy of smoke fields
for the training dataset and maintains over 80% accuracy for tunnel geometries and fire scenarios out-
side the training distribution. For the three dominant smoke control modes—longitudinal ventilation,
centralized smoke exhaust, and their combination—optimized schemes can be automatically generated
within minutes, reducing ventilation rates by 52%, 15%, and 23%, and fire risk by 10%, 6%, and 12%,
respectively, compared with traditional methods. This study presents a robust, generalizable, and risk-
minimization-oriented decision-making tool, supporting the development of intelligent smoke control
systems in fire protection engineering.

Keywords: Al-driven generative design, smoke control system, diffusion model, NSGA-II, data-driven
optimization, tunnel fire
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Abstract: Blending ammonia with hydrogen is an effective way to improve the combustion perfor-
mance of ammonia, but it also increases the explosion risk. Venting can effectively reduce the internal
overpressure of the enclosure, thereby mitigating explosion damage. However, the influence of vent
burst pressure (Pstat) on the explosion dynamics of ammonia-hydrogen—air mixtures remains unclear.
To address this problem, the present study experimentally and numerically investigates the overpressure
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development and flame morphology evolution during the explosion of ammonia—-hydrogen—air mixtures
under different vent burst pressures. The results show that increasing Pstat enhances the intensity of
flame—pressure wave interaction, advancing the timing of flame skirt contact with the duct sidewall
from post-venting to pre-venting, thereby affecting the growth of flame surface area. Consequently,
the peak overpressure P1 generated by vent cover rupture transitions from a linear to a nonlinear in-
crease. Furthermore, at low Pstat, only spherical and fingertip flames are observed, indicating that the
rarefaction wave generated by flame—wall contact is too weak to induce a tulip flame. When Pstat
increases to 60.14 kPa, a typical tulip flame is observed.Numerical simulation results show that with in-
creasing Pstat, the collision between the flame and the compression wave reflected from the vent cover
intensifies, inducing a tulip-shaped axial velocity profile ahead of the flame front. This axial velocity
distribution ultimately leads to the formation of the tulip flame.

Keywords: Venr burst pressure; Ammonia-hydrogen; Tulip flame; Flame-pressure wave interaction;
Vented explosions
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Abstract: Environmentally persistent free radicals in fire smoke particles can induce oxidative stress
and enhance particle toxicity, yet the radical-state differences between flaming and smoldering smoke
particles remain unclear. In this study, seven representative smoke particle samples were analyzed us-
ing electron paramagnetic resonance spectroscopy, Raman spectroscopy, and OC/EC analysis to link
radical properties with carbon structure and carbonaceous composition. The results showed that flam-
ing smoke particles had markedly higher radical concentrations, lower g values, broader FWHM, and
higher P./, than smoldering smoke particles, indicating a radical-rich, carbon-centered, and aromati-
cally condensed radical state. Raman and OC/EC results further showed that flaming particles were en-
riched in D1-type aromatic-edge/nanographitic carbon and EC/soot-EC, which favored the stabilization
of carbon-centered radicals. In contrast, smoldering particles were characterized by D3/D4-rich amor-
phous carbon and OC/char-EC, corresponding to lower radical loading and stronger oxygen-related
electronic perturbation. These findings demonstrate that combustion mode governs radical abundance
and electronic character, while carbon structure and composition regulate the radical-hosting environ-
ment.

Keywords: Flaming smoke, Smoldering smoke, Free radical, EPR spectroscopy, Soot particles
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Abstract: As renewable and clean energy carriers, metal fuels offer a mature and feasible sustainable
alternative to fossil fuels. However, metal dust explosion accidents under humid operating conditions
have occurred frequently in recent years. To clarify the potential explosion risk of metal dust in humid
environments, spherical Mg dust with three particle sizes was selected to prepare moisture-containing
samples with moisture contents ranging from 0% to 10% in this study. Minimum ignition energy (MIE)
tests were conducted in a Hartmann tube at dust concentrations of 500~1500 g/m’. Meanwhile, the min-
imum ignition temperature of the moisture-containing Mg dust and the real-time dust concentration
at the ignition delay time of 120 ms were synchronously measured. A prediction model for real-time
dust concentration was established based on Stokes’ settling theory. Furthermore, on the basis of the
thermal theory of spark ignition, a prediction model for the MIE of moisture-containing Mg dust was
developed by introducing three correction terms, namely concentration deviation, particle agglomera-
tion and energy loss. The results show that the MIE of Mg dust exhibits a monotonically increasing
trend with the rise of moisture content. The increase of MIE is relatively gentle in the low and medium
moisture content range of 0%~6%, while an abrupt jump occurs in the high moisture content range of
8%~10%. Moisture content inhibits the ignition sensitivity of Mg dust mainly through multiple syner-
gistic mechanisms, including the isolation effect of liquid film and oxide layer, wet agglomeration and
settling, gasification heat absorption, and water vapor dilution. The established MIE theoretical model
is in good agreement with the experimental data. This study reveals the multi-scale influence mech-
anism of moisture content on the ignition sensitivity of Mg dust, and quantifies the coupling law of
particle size, concentration and moisture content. It can provide critical experimental support and the-
oretical basis for the combustion and explosion risk assessment, prevention and control of industrial
moisture-containing Mg dust.

Keywords: Mg dust; moisture content; minimum ignition energy; dust explosion
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Abstract: Artificial Intelligence Weather Prediction (AIWP) models excel in global mean-error met-
rics, yet their efficacy in detecting low-probability, high-impact extreme events—critical for emergency
response-remains under-examined. This study evaluates three leading models (GraphCast, FuXi, and
Artificial Intelligence Forecasting System (AIFS)) against satellite observations and a numerical baseline
across four diverse historical crises. Using a crisis-centric evaluation framework comprising Peak Am-
plitude Ratio (PAR), Spatial Correlation (SC), Root Mean Square Error (RMSE), volumetric Bias, and the
Symmetric Extremal Dependence Index (SEDI), preliminary results reveal a systemic intensity deficit
in AIWP models. While GFS maintains a PAR above 0.65 across most scenarios, Al models underes-
timate peak rainfall by over 90% and exhibit significant spatial displacement. These findings suggest
that inherent statistical smoothing transforms catastrophic signals into benign forecasts. Consequently,
over-reliance on current AIWP models for crisis detection may yield a false sense of security, potentially
exacerbating rather than mitigating emergency vulnerabilities.

Keywords: Crisis Detection, Extreme Precipitation, Al Weather Prediction, Hindcast Evaluation.

Page 61



2026 FERIRLEF B AT A RIRIE / Book of Abstracts

Page 62



Chapter 6
ANTERE

ATERE /5

Hybrid physics-data driven model for real-time risk assessment
of wind-induced disasters

Author: JifiE!

Co-author: %25 !

Corresponding Author: guyin2017@163.com

Rt AR E =R S (KR, BIm AR TEE) S, R4 XU REaYIFRoR, $2h
T IS A -RBEEIR SR I B R S S 0T IEAE SR, TN B S AN E PR B 2% X
TR ER, B, BT IRES S ERE IR AR, TE S R, sk A
RHIES i i EIEHUN TS0 & 1B T IR ERN R U IR CFD BEERY 8 R, MAURIXEhAYIRZE
fEIEBOR AT DUE AN SRR AN BT AR AL T 2 [ RSRIR Z2 SR B SRS T A ERY N
ERER, M, $EH T —METARSORIAINFER R BSOS RE (T EAZZE, B(RHE,
BT NI e= AR NoRREIR, 8RR, NAaEHENERZERLZ2EEARE
RA S BT HRRE, R ICA R S S RGECIAERDAZE, T SCEIARE M S H A EHEE R
Gt R, LU NEAL, SENGEMBZERCR, WA THTATA RIARSARERYE- SR
RE LN X IT RS,

REA: GRS XUZEM ;) MBRITRE ; REGEFFR

Abstract: In response to the urgent demand for real-time, high-resolution wind field simulations in
typical disaster scenarios, this study proposes a physics-inspired, data-driven two-stage deep learning
framework for the rapid reconstruction of complex wind fields. Specifically, an end-to-end deep learn-
ing model is developed for direct prediction. The network architecture design, along with the selection
of input features and output variables, explicitly incorporates fluid dynamics principles to capture the
key characteristics of CFD modeling. Meanwhile, data-driven error correction techniques are employed
to bridge the gap between measured data and model predictions, enabling the model to better account
for uncertainties under real-world physical conditions. Furthermore, an intelligent accident simulation
framework based on ontology technology and knowledge bases is proposed. A multi-level safety infor-
mation ontology model is constructed, covering disaster-prone entities, emergency events, emergency
management processes, and consequences, based on the public safety triangle model. In addition, a
knowledge base for the coupled evolution of accidents is developed using event chain and contingency
plan chain theories, thereby supporting the construction of a simulation and scenario-based system
for accident analysis. Building upon this foundation, and integrating the results of is developed for
disaster-affected entities such as pedestrians and trees.

Keywords: Deep learning; wind field reconstruction; risk assessment; system development
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Abstract: With the rapid development of the social economy, the demand for energy in industrial pro-
duction continues to grow. Due to the severe environmental pollution caused by conventional fossil
energy, there is an urgent need to increase investment in the research and development of new energy
sources. As the safety and reliability of nuclear reactor systems continue to improve, nuclear energy is
expected to reach new heights in safety, economic efficiency, and environmental friendliness, becom-
ing an indispensable pillar in the global energy system’s decarbonization process. To further enhance
reactor safety, fast and accurate system-level fault diagnosis technologies are particularly important for
application in nuclear power plants. Most existing fault diagnosis studies are based on a closed-set as-
sumption, relying on supervised methods trained on manually labeled data for fault analysis; however,
such models have fixed parameters and are not sensitive to unknown faults. In fact, fault diagnosis in
reactor systems is an open-set recognition problem, where the system cannot access all information and
unknown variables or states may exist. To address these limitations, this paper innovatively proposes a
novel fault diagnosis framework for nuclear power plants based on an L-D adversarial neural network
derived from generative adversarial theory. The framework progressively learns and labels features of
unknown faults, enabling their identification while effectively improving model reliability and incor-
porating self-optimization capability. The feasibility and generalization of the proposed framework are
validated using the high-dimensional and nonlinear accident dataset generated by the AP1000 nuclear
power plant simulation software PCTran, as well as fault experimental data from a PHM system-level
thermal-hydraulic test platform designed and constructed for the intelligent development of the “Hua-
long One”’nuclear reactor. The results show that the L-D adversarial neural network model significantly
improves the accuracy of unknown fault identification. Compared with traditional open-set recognition
algorithms such as OpenMax and OCSVM, the accuracy for unknown fault recognition is improved by
5%—-15%. Through continuous adversarial training between the L network and the D network, unknown
fault features are progressively separated, greatly enhancing the L network’s capability to recognize
unknown faults, thereby providing technical support for fault diagnosis and auxiliary decision-making
in the thermal-hydraulic systems of pressurized water reactor nuclear power plants.

Keywords: Thermal systems; System-level fault diagnosis; Nuclear reactor systems; Open-set recogni-
tion; L-D adversarial neural network
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Abstract: For the online dynamic assessment of reliability and availability of safety-critical repairable
systems in the Tsinghua High Flux Reactor (THFR) under complex operating conditions, existing meth-
ods still face several challenges. Environment-aware failure-rate updating is often disconnected from
system-level assessment. The construction of Continuous-Time Markov Chain (CTMC) models still re-
lies heavily on manual work. Repeated transient evaluation also becomes increasingly expensive as the
state space grows. To address these problems, this study proposes a dynamic intelligent modeling and
analysis method for the reliability and availability of THFR systems. A PEARL framework is developed
by integrating Physics-Informed Neural Networks (PINNs) with large language model (LLM)-assisted
automated modeling. The framework establishes a unified workflow for environment-aware failure-rate
processing, automated CTMC generation, state-space reduction, and physics-constrained transient solv-
ing. Within this framework, the MarkovOps module can automatically generate explicit, rate-labeled
Markov state transition diagrams from structured inputs or engineering textual descriptions. It also
supports the modeling of complex mechanisms, including failures, repairs, standby switching, start-up
failures, and common-cause failures (CCF). The PINN module is used to learn the temporal evolution of
system state probabilities. It further enables rapid online querying of reliability and availability. The pro-
posed method is validated using the Reactor Coolant System (RCS) and the Component Cooling Water
System (CCWS) of THFR. The results show that the method can achieve rapid automated CTMC gener-
ation while maintaining assessment accuracy. It also supports fast multi-time inference after a single
round of training. This study therefore provides a feasible approach for the online dynamic assessment
of reliability and availability of research reactor systems.

Keywords: online dynamic reliability and availability; environment-aware failure rate; automated
continuous-time Markov chain (CTMC) generation; Physics-Informed Neural Network (PINN); Tsinghua
High Flux Reactor (THFR)
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Abstract: Stress concentration commonly arises in structures with geometric discontinuities, such as
plates with holes, cylindrical shells, and pressure vessels with nozzle connections, posing challenges
for accurate and efficient analysis. Conventional finite element methods address this issue through
mesh refinement, which increases computational cost and relies on manual intervention. Existing deep
learning-based approaches provide flexible representations but often lack adaptive resolution and con-
sistency with physical formulations.This study proposes a residual-driven adaptive deep finite element
method (ADFEM) for multi-scale analysis of stress-concentrated structures. A residual-based indicator
is employed to identify high-error regions, where local correction networks are introduced through a
hierarchical refinement strategy. The global approximation is progressively enhanced by coupling with
localized corrections within a total potential energy framework, ensuring physical consistency while
avoiding explicit mesh reconstruction.Numerical examples, including a plate with a circular hole, a
cylindrical shell under tensile loading, and a pressure vessel with nozzle connection, demonstrate the
applicability of the proposed method. The results show that the method effectively captures stress con-
centration and reduces approximation error in critical regions. The proposed framework provides an
alternative approach for adaptive analysis of stress-sensitive structures.

Keywords: adaptive deep finite element method; residual-driven refinement; stress concentration;
multi-scale analysis; pressure vessel
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Abstract: Tunnel fires pose significant energy safety risks due to the narrow-restricted spaces and
complex ventilation conditions. A typical scenario is a train roof fire triggered by a pantograph mal-
function, which not only releases substantial thermal energy but also results in the wastage of electrical
and fuel energy. This study focuses on the impact of the coupled lateral smoke exhaust system, which
combines longitudinal ventilation and lateral exhaust, on fire heat release rate and flow field evolution
during train fires, while also exploring an Al-based approach for predicting train fire dynamics. Com-
pared with traditional ground fire in tunnels, the burning rate of train roof fires in interval tunnels
shows non-monotonic changes, the evolution characteristics of the flow field also differ significantly.
To reveal the prediction process of the full-period changes of tunnel fires over time and overcome the
temporal limitations of traditional fire physical models, this paper proposes a full-period, real-time pre-
diction framework for heat release rate (HRR) and ceiling heat flux profile of tunnel fires using deep
learning. The framework integrates ResNet-18 and ViT-Small for flame image feature extraction, with
physical prior information incorporated as auxiliary input features to enhance the model’s predictive
performance and physical interpretability. This enables rapid and accurate full-period prediction of the
HRR and the heat flux profile beneath the tunnel ceiling under the coupled conditions of longitudinal
ventilation and lateral extraction in a tunnel.

Keywords: Tunnel fire; Deep learning; Mass burning rate; Heat release rate; Ceiling heat flux; Lateral
smoke extraction
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Abstract: Significant feature masking occurs in AP1000 nuclear power plants due to strong nonlinear
correlations during severe composite transients. To address this, this study proposes a dynamic diag-
nostic architecture based on independent attention metrics. The architecture was evaluated using the
AP1000 simulation system PCTRAN. A comparative analysis was conducted on the dynamic evolution
of attention behaviors under composite conditions involving homologous strong correlations and cross-
system weak correlations. While traditional discriminative models are restricted by mutual exclusivity
constraints, the proposed architecture eliminates these barriers by incorporating topological space met-
rics and independent activation mechanisms. This approach enables the precise isolation of overlapping
loss-of-coolant features and severs indirect cross-system thermal-hydraulic interference. These findings
provide a transparent, quantified physical basis for operator decision support within the 72-hour passive
observation window.

Keywords: Nuclear power plant; Deep learning; Composite faults; Independent attention.
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Abstract: As global energy demand continues to grow and environmental requirements become in-
creasingly stringent, nuclear energy, as a green and clean energy source, has gained significant atten-
tion, with nuclear power plants playing an increasingly important role in the global energy structure.
However, the complexity of nuclear power plants and their high safety requirements pose numerous
challenges in their operation, particularly in the prediction and monitoring of time-series data. To ad-
dress this issue, this paper proposes a deep learning-based method for cross-condition time-series pre-
diction in nuclear power plants. This method integrates Convolutional Neural Networks (CNN), Long
Short-Term Memory Networks (LSTM), and Attention mechanisms, enabling effective processing of
time-series data under various operating conditions of nuclear power plants. The data used in this study
comes from the PCTRAN simulation data of the AP1000 nuclear power plant. Through data preprocess-
ing and feature extraction techniques, an efficient time-series prediction model is constructed, capable
of providing high-precision predictions for time-series data under multiple conditions during the opera-
tion of nuclear power plants, thereby offering important support for their safe operation. Experimental
results demonstrate that this method achieves high prediction accuracy when handling complex time-
series data and is capable of addressing the nonlinear and time-varying characteristics encountered in
nuclear plant operations.

Keywords: Cross-condition time-series prediction; nuclear power plant; deep learning; ensemble learn-
ing; long-term prediction
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Abstract: As large language model (LLM) inference systems move from monolithic serving architec-
tures to prefill-decode disaggregation, cross-node key-value (KV) cache transfer becomes a critical fac-
tor affecting system reliability. Long-context requests generate large state transfers, making successful
inference dependent not only on GPU compute capacity and memory availability, but also on the avail-
ability of data-center network paths. Existing schedulers usually rely on local queue length, active
connections, or memory availability for per-request routing. While such local policies are effective for
component-level compute perturbations, they may be misleading under structural network degrada-
tion. When core-link bandwidth is reduced, requests can stall during KV-cache transfer and eventually
time out, without being promptly reflected in the target node’s local queue indicators. This can lead to
timeout-driven cascading failures.

This paper proposes OTF-R, a dual-loop reliability-aware scheduling method for disaggregated LLM
inference systems. The slow loop aggregates global topology and resource states and converts network
degradation and resource congestion into a pod-level risk price. The fast loop then combines local queue
information, memory state, and the global risk price to perform fault-aware request routing. Using
a SimPy-based discrete-event simulator, we evaluate OTF-R on a 64-node Fat-Tree inference cluster
with injected compute degradation and core-link network degradation. Reliability is assessed using
failure rate, degraded availability, resilience index, timeout failures, and failure composition. The results
show that local queue-aware scheduling is sufficient for component-level compute degradation, whereas
structural network degradation requires global risk pricing to suppress timeout cascades. Under the
most severe network degradation scenario, OTF-R reduces the mean failure rate from 20.1% to 5.9% and
improves degraded availability from 0.32 to 0.99, significantly enhancing system reliability and resilience
under degraded operation.

Keywords: large language model inference; disaggregated serving; reliability-aware scheduling; struc-
tural network degradation; cascading failure; resilience control
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Abstract: Aiming at the problems of explosive growth of optical remote sensing satellite image data,
limited on-board computing resources, and severe detail distortion at high compression ratios, this pa-
per proposes a high-fidelity compression method for optical satellite images based on detail enhance-
ment. The method introduces an interval sampling module to reduce the input image resolution, which
significantly decreases the model computational complexity and meets the requirements of lightweight
on-board deployment. Meanwhile, a detail information enhancement module is designed to compensate
for the loss of texture and edge during compression and improve the fidelity of reconstructed images.
An end-to-end trainable compression framework is constructed based on variational autoencoder, and
comparative experiments are carried out on multispectral and panchromatic satellite image datasets.
The results show that the proposed method outperforms traditional on-board codecs and existing deep
learning compression models in rate-distortion performance, detail reconstruction effect and inference
speed. It can realize efficient and high-fidelity transmission of satellite images at high compression
ratios, providing an effective technical solution for real-time compression of on-board optical images.

Keywords: Optical Sensor; Satellite Image; Image Compression; Detail Enhancement; Deep Learning;
On-board Compression
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Abstract: Deep coal seams are promising targets for geological CO2 storage and CO2-enhanced coalbed
methane recovery, where the wettability of the CO2-water-coal system plays a key role in CO2 adsorp-
tion, methane displacement, capillary behavior, and storage security. Nevertheless, reliable wettability
prediction remains difficult because coal properties are highly heterogeneous and existing models of-
ten show limited transferability. In this study, a cross-regional and multi-source database containing
531 CO2-water-coal contact-angle records was compiled. Four accessible variables, namely ash content,
temperature, pressure, and maximum vitrinite reflectance, were used as model inputs, while contact
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angle was taken as the prediction target. Five ensemble learning algorithms, including random for-
est, XGBoost, LightGBM, CatBoost, and gradient boosting decision tree, were developed and optimized
through Bayesian hyperparameter tuning. Their predictive capability was then evaluated on an inde-
pendent test set. Among the tested models, CatBoost achieved the best overall performance, with an R2
of 0.881, RMSE of 9.089°, and MAE of 6.641° on the test dataset. SHAP analysis was further introduced
to interpret the model behavior and quantify the contribution of each variable. The results indicate that
pressure is the dominant factor controlling contact angle, followed by maximum vitrinite reflectance,
ash content, and temperature. A pressure threshold near 7.38 MPa marks a transition in CO2 adsorption
behavior, above which the contact angle increases sharply. Higher coal rank enhances hydrophobicity,
whereas ash-related hydrophilic minerals tend to reduce the contact angle. External validation using in-
situ core samples from the Junggar Coalfield along a 0-1100 m depth profile yielded an R2 of 0.7206 and
an MAE of 6.904°, demonstrating encouraging transferability under field-relevant conditions. This work
provides an interpretable data-driven framework for assessing coal wettability and supports reservoir
screening and engineering design for CO2 geological sequestration.

Keywords: CO2 geological storage; coal wettability; contact angle estimation; ensemble machine learn-
ing; SHAP interpretation; in-situ core validation
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Abstract: In heterogeneous neutron diffusion eigenvalue problems, the flux-field characteristics differ
significantly among material regions, making it difficult for conventional physics-informed neural net-
works (PINN) to simultaneously capture globally shared features and local material-specific details. To
address this issue, a shared-feature branched Mixed PINN is proposed. By combining shared feature
extraction with material-specific branches, the proposed network preserves global feature information
while enhancing the representation of local material heterogeneity.Furthermore, based on the mixed
formulation of the neutron diffusion equation, the two-group neutron fluxes and neutron currents are
jointly predicted. The original second-order diffusion equations are reformulated into a first-order resid-
ual system coupling neutron fluxes and currents. A gradient-norm-feedback-based adaptive balancing
strategy is introduced to alleviate gradient imbalance among different loss terms. For the eigenvalue
problem, a source-iteration framework is constructed to achieve the coupled solution of keff and the
neutron flux field Numerical results on the two-dimensional two-group BIBLIS benchmark show that
the proposed method outperforms conventional PINN in keff prediction accuracy, flux-distribution er-
ror, and training efficiency. The keff error is reduced to 1.9 pcm, the relative L2 errors of the two-group
neutron fluxes are 0.815% and 0.837%, respectively, and the training speed is improved by 274%. These
results indicate that the proposed method has good potential for PINN-based solutions of complex het-
erogeneous neutron diffusion eigenvalue problems.
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Keywords: Physics-informed neural networks; Neutron diffusion eigenvalue problem; Source-iteration
framework
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Abstract: Semi-supervised medical image segmentation (SSMIS) has shown great promise in reducing
reliance on scarce annotated medical data. However, it still faces several challenges, including the dis-
tribution mismatch between labeled and unlabeled data, the disruption of anatomical structure caused
by conventional image mixing strategies such as random cropping, and the introduction of excessive
irrelevant background noise during the mixing process. To address these issues, we propose a saliency-
guided semi-supervised medical image segmentation framework, termed SC-BCP. The proposed frame-
work leverages the model’s own gradient feedback to develop a Saliency-Guided Mask (SGM) genera-
tion mechanism. Specifically, it first extracts confidence-weighted foreground gradient responses, then
dynamically identifies the most informative anatomical structures through morphological refinement
and focal-region assessment, and finally derives controllable geometric mixing masks from their macro-
scopic features. Compared with conventional random rectangular masks, the proposed strategy better
preserves organ boundary integrity and suppresses background interference during image mixing. Ex-
periments on the ACDC and PROMISE12 datasets demonstrate the effectiveness of SC-BCP. Compared
with the baseline BCP method, SC-BCP achieves significant performance improvements. On ACDC,
using only 10% labeled data, it improves the Dice coefficient by 1.35% and reduces the 95% Hausdorft
Distance (95HD) by 2.4 mm. On PROMISE12, with 20% labeled data, it improves the Dice coefficient by
15.71% and reduces the 95HD by 9.63 mm.

Keywords: Medical image segmentation ; Semi-supervised learning ; Consistency regularizationy ;
Saliency maps
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Abstract: To enhance the monitoring capability of environmental water radioactivity and enable rapid
warning of nuclear accidents, an online water radioactivity measurement system adaptable to vari-
ous working conditions has been developed. The system is designed based on a large-volume, low-
background lead-shielded structure and can be configured with either a high-purity germanium (HPGe)
or cerium bromide (CeBr3) detector flexibly according to monitoring requirements. Through numerical
simulation, the detection efficiency for gamma rays of different energies and the minimum detectable
activity concentration for typical radionuclides were determined. The results show that for common arti-
ficial radionuclides such as 1311, 60Co, and 137Cs, the minimum detectable activity concentration of the
system is below 0.02 Bq/L under normal operating conditions. Using the decay schemes of radionuclides
and the natural decay chains, the total a and total j activities contributed by natural radionuclides in
water were further calculated. The online measurement results were validated using a low-background
gas-flow proportional counter, and the average relative errors were 12.6% and 4.5% for total o and total 8
measurements respectively, indicating good consistency. The monitoring system offers two installation
options: station-based and vehicle-mounted. It has been practically deployed at key locations such as
drinking water sources, the Yangtze River basin, and nuclear facility discharge outlets, and has been in-
corporated into the nuclear emergency system of Sichuan Province, addressing engineering challenges
related to rapid measurement and stable operation in complex environments.

Keywords: online monitoring y nuclides in water, cerium bromide detector, total o and tota f3
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Abstract: The integrated heating reactor is a novel design intended to meet diverse energy demands, in-
cluding industrial steam supply, district heating, and seawater desalination. To address key challenges
in its development—such as verifying control strategies, conducting closed-loop validation of processes,
instrumentation and control (I&C), and human—machine interface systems, and ensuring the correctness
and practicality of operating procedures—a dedicated engineering simulator is essential. Building on the
reactor’s specific design features, this study analyzes key enabling technologies, develops an engineering
simulator, and uses it to verify and optimize operational control schemes. The investigation reveals an
inherent inertia-induced delay in power ramping unique to fully natural-circulation reactors. By apply-
ing optimized control systemtrategies, oscillations in reactor power, primary loop average temperature,
and secondary loop steam pressure during ramp power change transients are effectively suppressed.
The developed engineering simulator therefore serves as a powerful platform for evaluating control
strategies, providing crucial support for closed-loop verification of processes and instrumentation, and
refining operational procedures.

Keywords: integrated heating reactor; engineering simulator; real-time simulation; distributed control
system
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Abstract: The combination of targeted radionuclide therapy (TRT) with immunotherapy offers a potent
strategy to amplify anti-tumor immunity, yet the development of adaptable delivery platforms remains
challenging. Herein, we report a programmable, “plug-and-play” nanoplatform, termed TRT@LnOMVs,
engineered for synergistic radio-immunotherapy. By displaying lanmodulin (LanM) on the surface of
outer membrane vesicles (OMVs) derived from attenuated Salmonella typhimurium, this platform en-
ables versatile and high-efficiency radiolabeling of diverse therapeutic radioisotopes (177Lu, 90Y, 225Ac)
under mild conditions, circumventing the limitations of conventional chelator-based methods. The plat-
form’s modularity is further demonstrated by the facile incorporation of lipid-conjugated ligands for pre-
cision targeting. In a head-to-head comparison with clinically approved 177Lu-PSMA-617 (PluvictoTM),
PSMA-targeted TRT@LnOMYVs achieved a 90% survival rate in a prostate cancer model, far surpassing
the 25% survival rate of PluvictoTM. Single-cell RNA sequencing and transcriptomic analysis revealed
that TRT@LnOMVs fundamentally remodel the tumor immune microenvironment by activating innate
immunity and reprogramming immunosuppressive myeloid compartments to trigger robust anti-tumor
immunity. Collectively, TRT@LnOMVs represent a versatile class of bio-hybrid therapeutics, offering
a robust paradigm for next-generation radio-immunotherapy.

Keywords: Outer membrane vesicles; Radio-immunotherapy; Lanmodulin; Targeted radionuclide ther-
apy; Tumor immune microenvironment
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Abstract: This study compares the production of 68Ge using proton irradiation on two types of targets:
an electroplated gallium-nickel alloy solid target and a niobium-encapsulated capsule with natural gal-
lium. The alloy target was prepared on copper via electroplating, while the capsule was designed and
fabricated to be irradiated in a cyclotron. The generated 68Ge was then separated and purified using
resin columns. Results show the electroplated target had a smooth surface and good adhesion, but its
low loading capacity and vulnerability to thermal damage limit its use for large-scale production. The
niobium-encapsulated target, with its higher loading capacity, improved stability and safety under ir-
radiation, though it requires precise welding and sealing due to gallium’s low melting point. For the
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separation and purification of 68Ge, the dissolution of the electroplated target is an open operation that
introduces significant impurities, necessitating a combined purification process using both chelating
and gel resins. In contrast, the niobium-encapsulated target allows for a closed operation, resulting in
lower impurity levels and offering distinct advantages for subsequent purification.

Keywords: germanium-68; gallium-nickel alloy target; Niobium-encapsulated gallium capsule target;
separation and purification
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Abstract: Pressurized water reactor (PWR) fuel assemblies are subjected to coolant flow-induced vibra-
tion (FIV), which causes small-amplitude reciprocating relative sliding between the fuel rod cladding
and the spacer grids, known as Grid-to-Rod Fretting (GTRF). Long-term fretting accumulation induces
surface wear and fatigue damage on the cladding, eventually leading to the rupture and failure of the
fuel rods. As GTREF is currently one of the primary causes of fuel rod failure in nuclear power plants,
investigating the fretting wear evolution mechanism of the cladding and predicting the wear volume
is of great significance for improving the reliability of fuel assemblies and ensuring the safe operation
of reactors. Based on the actual geometric characteristics of the fuel rod cladding and spacer grids,
a finite element analysis (FEA) model for the cladding-to-rigid dimple contact was established in this
paper. Incorporating the Archard wear equation, the dynamic simulation of the fretting wear process
was achieved by utilizing the UMESHMOTION subroutine and the Arbitrary Lagrangian-Eulerian (ALE)
adaptive meshing technique in ABAQUS. The effects of fretting parameters, such as normal load and
tangential displacement, on the wear characteristics of the cladding were systematically investigated.
Furthermore, the contact pressure and stress distribution patterns during the fretting wear process were
analyzed to obtain the wear profiles and wear volume curves. This study provides an effective numerical
calculation method for the prediction and evaluation of GTRF wear behavior.

Keywords: Fretting wear ; Fuel assembly ; Finite element analysis
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Abstract: Safe tritium containment is a critical bottleneck for gigawatt-level fusion power plants. The
massive daily tritium circulation (up to tens of kilograms) to sustain plasma burnup strictly contradicts
the near-zero environmental emission limits (on the order of tens of Curies). Conventional barrier coat-
ings prepared by traditional methods suffer from poor density, weak adhesion, and rapid performance
degradation under harsh fusion environments.

To address this, we propose a novel approach utilizing advanced filtered energetic ion beam technology
to prepare highly efficient tritium barrier coatings. This technique thoroughly eliminates macroparti-
cle impurities, enabling the in-situ growth of ultra-dense, columnar-free coatings with robust pseudo-
diffusion interfacial bonding. This fundamentally eliminates micro-defects and physically blocks tritium
fast diffusion pathways.

Furthermore, we pioneer a biomimetic “skin-like”gradient structure comprising a “tritium-blocking
layer”and an inner “tritium-storage layer.”The outer dense ceramic or intermetallic layer provides pri-
mary physical shielding to minimize permeation, while the inner layer acts as a chemical capture buffer.
It immobilizes any trace permeated tritium via reversible trapping effects, establishing a dynamic equi-
librium that effectively prevents interfacial enrichment and lateral diffusion.

By combining precision energetic beam control with this synergistic “blocking-storage”structural de-
sign, this project develops a revolutionary barrier coating. It provides a crucial material solution for the
safe containment of massive tritium inventories in future fusion engineering.

Keywords: Fusion reactor; Tritium containment; Energetic ion beam; Skin-like coating; Tritium barrier
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Abstract: Building a dynamic and scalable data model based on business data standards under a multi-
source and heterogeneous data environment, and achieving multi-dimensional data interaction is the
foundation for establishing a comprehensive information platform. By analyzing the design processes
of the reprocessing plant, the scope, content, data types, and data flow processes for data standardiza-
tion have been determined. Based on the design processes of the reprocessing plant, research on data
standardization and normalization has been conducted, resulting in a standardized data catalog, which
provides basic guidelines and core references for identifying multi-source heterogeneous data and es-
tablishing their intrinsic relationships. Based on the object classes of the data standards, the Plant
Breakdown Structure (PBS) canvas for the nuclear fuel reprocessing plant has been established. Using
dynamic database modeling technology, as well as Online Transaction Processing (OLTP) and Online
Analytical Processing (OLAP) technologies, a data storage model has been developed, and the main data
processing workflow has been designed. By integrating the design data requirements of multiple sectors
and the concept of multi-level micro services, the overall system architecture has been designed, and a
demonstration data management system for the reprocessing plant has been developed. This system has
been applied in the construction of the reprocessing demonstration project, providing technical support
for in-depth data applications across multiple sectors.

Keywords: Reprocessing Plant, Design Data Management, Demonstration System
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Abstract: Iron white copper (often referred to as cupronickel) is extensively utilized in the seawater
heat exchange systems of nuclear power installations owing to its superior corrosion resistance and ther-
mal efficiency. However, in recent years, numerous cases of corrosion-induced leakage in these heat
transfer tubes have been reported during operation.Failure analysis revealed that a significant accumu-
lation of iron corrosion products adhered to the tube surfaces, suggesting these deposits as the probable
cause of the leaks. This study investigates the impact of these products on the corrosion behavior of
iron white copper tubes by synthesizing iron corrosion products in the laboratory and simulating the
water chemistry environment of nuclear power facilities.

Experimental results demonstrate that in a seawater environment:When a dense layer of iron corrosion
products adheres to the surface, it promotes corrosion at the boundaries.

When a porous layer adheres, it induces under-deposit corrosion.After 30 days of immersion, the cor-
rosion pit depth reached 102 pm, which extrapolates to a deep penetration corrosion rate of 1.24 mm/a.

Keywords: Iron white copper (BFe) ; Iron corrosion products ; Under-deposit corrosion
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Abstract: Single-crystal silicon mirrors are enabling optical components in synchrotron radiation sources
and X-ray free-electron laser facilities, where residual figure error, slope error, and surface microrough-
ness directly limit diffraction-limited focusing, brilliance preservation, and imaging resolution. The

Page 79



2026 FE IR Z S HE LA RN IS / Book of Abstracts

fabrication of high-quality X-ray mirrors remains technically demanding because single-crystal silicon
is brittle and damage-sensitive, while X-ray optics require deterministic control of surface errors over a
broad spatial-frequency range together with near defect-free, atomically smooth surfaces.

Here, we report an integrated fabrication process combining ultra-precision grinding, rapid bonnet pol-
ishing, and magnetorheological finishing for high-precision X-ray optical components. The surface me-
chanical response of single-crystal silicon was investigated, and the influence of magnetic field strength,
slurry flow rate, and immersion depth on the magnetorheological finishing force was clarified. Based
on optimized abrasive formulations, a low-stress magnetorheological finishing strategy was developed
to suppress surface and subsurface damage during material removal.

To enable deterministic correction over multiple spatial scales, a tunable removal-function control method
was established, and a frequency-domain matching algorithm was developed to correlate removal func-
tions with measured surface-error spectra. This approach allows suitable removal-function combina-
tions to be selected according to the spatial distribution of surface errors, thereby improving both cor-
rection accuracy and processing efficiency. As a result, nanometer-level error correction across the
relevant spatial-frequency range was achieved.

Using the developed process, a 600 mm single-crystal silicon mirror and a cylindrical Kirkpatrick-Baez
mirror were fabricated. The 600 mm mirror achieved a peak-to-valley figure error of 7.1 nm and a root-
mean-square surface roughness of 0.18 nm, while the cylindrical KB mirror achieved a peak-to-valley
figure error of 6.38 nm and a root-mean-square roughness of 0.23 nm. X-ray microscopic imaging tests
further confirmed that the fabricated optics delivered imaging performance comparable to that of sim-
ilar J-Tec components. These results demonstrate a viable process route for the domestic fabrication
of high-performance X-ray optics for synchrotron radiation and X-ray free-electron laser applications.

Keywords: Synchrotron radiation sources; X-ray free-electron lasers; X-ray optics; single-crystal sili-
con mirrors; ultra-precision fabrication
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Abstract: Laser-Induced Breakdown Spectroscopy (LIBS) can serve as a rapid detection method for
quantifying uranium (U) concentration in molten salt during the electrorefining of spent nuclear fuel.
However, its quantification accuracy is low due to limitations in data analysis methods, a problem that
becomes particularly pronounced in the detection of high-concentration ions. Herein, this study focuses
on solid LiCl-KCIl-UO2CI2 molten salt with a U content of 0-20 wt% as the research object. By inte-
grating machine learning, the modeling approach of the LIBS quantitative analysis model is gradually
optimized, with a comprehensive evaluation of the performance enhancement effects of data prepro-
cessing algorithms, feature extraction algorithms, and modeling algorithms. The results indicate that
the optimal modeling scheme is Channel Baseline Correction (CBC)-Channel Internal Standard (CIS)-
Competitive Adaptive Reweighted Sampling (CARS) feature extraction-Partial Least Squares Regression
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(PLSR), which achieves a prediction set coefficient of determination (R2p) > 0.99 and enables the accu-
rate quantification of high-concentration U in molten salt. The optimized modeling flow improved the
prediction performance (evaluated by CV-RMSEp) by 82.32% relative to the baseline ULR model with-
out preprocessing. The machine learning-enhanced LIBS modeling scheme proposed in this study is
expected to overcome the technical challenges of precise quantitative analysis for high-concentration
uranium and other ions in liquid molten salt systems.

Keywords: LIBS, High concentration uranium, Machine learning, Molten salt, Quantitative analysis
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BRI T2 125 1%, MARA R T AR 28R (E A I 2 S E R B N S R (K N
M, ESHEMT (Z58M) PISMET, AIHZEEIL T PatchUNet3D S-ARiE UNet3D HY=HS I Al
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Abstract: Nuclear energy is a critical component of the global clean energy portfolio. The safety and
efficiency of its lifecycle, particularly during radioactive waste disposal, rely on the accurate characteri-
zation of the three-dimensional (3D) radiation field. However, the sparse distribution of measurements
often makes it difficult to obtain high-resolution radiation field data. This study addresses this challenge
by developing an innovative PatchUNet3D deep learning framework for high-accuracy 3D radiation
field reconstruction from sparse measurements. The core innovation of the proposed method is the
Patchify Stem module —a single large-stride (stride=5) 3D convolution that replaces the first two full-
resolution encoding stages of the standard UNet3D, boosting the effective information density of the
sparse input by a factor of ~125x. The effectiveness of the proposed method is evaluated by comparing its
performance against a conventional single-step UNet3D architecture designed for the same end-to-end
prediction task. Our results demonstrate that, with nearly identical parameter counts, PatchUNet3D sig-
nificantly outperforms the UNet3D baseline. Moreover, this method significantly reduces the reliance
on dense sensor networks, enabling more cost-effective monitoring systems. The framework’s perfor-
mance was rigorously evaluated on a simulated dataset representing diverse scenarios within a nuclear
waste disposal facility. The results confirm the model’s high accuracy and robustness, demonstrating its
substantial application value in advancing the safety and efficiency of nuclear waste disposal operations.

Keywords: 3D Radiation Field; Deep Learning; Nuclear Waste Disposal; Sparse Data; UNet3D; PatchUNet3D;
Patchify Stem.
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Abstract: To address the defects of the traditional H-bridge cascaded drive scheme for the main helium
blower of High Temperature Gas-cooled Reactor (HTGR), including dependence on phase-shifting trans-
formers, large volume and high cost, as well as the over-voltage breakdown risk of three-level topology
under 6kV medium-voltage conditions, this paper applies the transformer-less five-level active neutral-
point-clamped (5L-ANPC) topology to the 4.5MW main helium blower drive system. The modulation
strategy adaptation and parameter tuning of capacitor voltage balance control are completed, and a sim-
ulation model is established for full-operating-condition verification. The results show that the THD
of system output line voltage is as low as 0.39%, the steady-state fluctuation of DC-side neutral-point
voltage is narrowed to 200V, and the system presents excellent dynamic and steady-state performance
under load steps. Combined with safety margin requirements, this paper provides IGBT selection ref-
erence, and offers an engineering feasible scheme for the transformer-less upgrade of the HTGR main
helium blower drive system.

Keywords: HIGH TEMPERATURE GAS-COOLED REACTOR (HTGR); MAIN HELIUM BLOWER; FIVE-
LEVEL ACTIVE NEUTRAL-POINT-CLAMPED (5L-ANPC); ZERO-SEQUENCE VOLTAGE; IGBT SE-
LECTION
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Abstract: Understanding the flow behaviors of supercooled liquids presents a major challenge in liquid-
state physics due to the strong nonlinearity and rich phenomena. To unravel this complexity, we in-
troduce the concept of local configurational relaxation time 71,c, which allows us to embody the solid-
liquid duality, proposed by Maxwell for phenomenologically describing materials’response to external
load, at the particle level. The spatial distribution of 7,¢ in flow is heterogeneous. Depending on the
comparison between the local mobility measured by 71,c and the external shear rate, the shear response
of local regions is either solidlike or liquidlike. In this way, 7.c plays a role similar to the Maxwell
time. By applying this microscopic solid-liquid duality to different conditions of shear flow with a wide
range of shear rates, we describe the emergence of shear thinning in steady shear and predict the major
characteristics of the transient response to start-up shear. Furthermore, we reveal a clear structural
foundation for 71, and the solid-liquid duality associated with it by introducing an order parameter ex-
tracted from local configuration. Thus, we establish a framework that connects microscopic structure,
dynamics, local mechanical response, and flow behaviors for supercooled liquids. Finally, we rational-
ize our framework in terms of activations from energy basins that are facilitated by shear. This model
illustrates how local structure, convection, and thermal activation collectively determine 71,c. Notably,
it predicts two distinct response groups, which well correspond to the microscopic solid-liquid duality.

Keywords: supercooled liquids; rheology; dynamic heterogeneity; viscoelasticity;
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Abstract: Conventional SPECT for high-energy gamma photons is fundamentally bottlenecked by the
resolution-sensitivity trade-off inherent to mechanical collimation. While detector self-collimation (SC)
offers a high-efficiency alternative, its performance at 511 keV is severely degraded by multiplexing
ambiguities and inter-crystal scattering. We propose Joint Self-Collimation Compton (JSCC) imaging, a
novel methodology that synergistically integrates the geometric pathways of a multi-layer interspaced
MATRICES architecture with the physical constraints of Compton scattering kinematics. By extracting
Compton cone information to “screen” and disambiguate overlapped projection trajectories, JSCC sig-
nificantly enhances the signal-to-noise ratio (SNR) while preserving the intrinsic high spatial resolution
of the SC design. Following a Cramer-Rao Lower Bound (CRLB)-driven system parameter optimization,
we developed a unified list-mode MLEM reconstruction framework for both single-photon and scatter-
ing events. Comprehensive Monte Carlo simulations demonstrate that JSCC achieves superior contrast
recovery, faster convergence, and higher geometric fidelity than standalone SC, even under ultra-short
10-second dynamic acquisitions. The identified scale-dependent performance gain underscores the im-
mense potential of JSCC for large-field-of-view clinical high-energy SPECT and theranostic applications.

Keywords: SPECT, High energy imaging, Self-collimation, Compton imaging, Theranostics
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Abstract: Radiation-induced solute clustering plays a critical role in the degradation of stainless steels
used in nuclear reactors. However, the early-stage nucleation mechanisms of Ni-Si clusters remain
incompletely understood. This study investigates the initial clustering behavior of Ni and Si in ion-
irradiated 316L stainless steel using atom probe tomography. High-purity model alloys with no Si (NS)
and high Si (HS) content were irradiated with 3 MeV Ni2+ at 290 °C to 0.8 dpa. Ni clusters and Si clusters
were found in the HS samples, while Ni clusters were found in the NS samples, using the iso-position
method (IPM). Moreover, the number density of Ni clusters in the NS samples was low and the radius
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was small. A modified local concentration method was used to analyze solute segregation, revealing
significant Ni and Cr segregation enhanced by Si addition, with Si exhibiting the most pronounced
segregation. Complementarily, the nearest neighbor distance (NND) method, applied to clusters identi-
fied via the IPM, provided spatial distribution analysis between different types of clusters. The results
indicate a tendency for Ni-Si co-clustering, alongside evidence of homogeneous nucleation of Ni clus-
tering, suggesting a dual nucleation mechanism. This multi-method approach offers new insight into
early-stage precipitation under irradiation.

Keywords: Stainless steel; Ion irradiation; Atom probe tomography; Solute clustering
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Abstract: Human-machine interface (HMI) failures remain a major contributor to human errors

in safety-critical systems, yet conventional human reliability analysis (HRA) largely

relies on qualitative judgment. Although recent cognitive modeling approaches introduce quantitative
mechanisms, they rarely link objective interface design attributes

directly to human error probabilities in dynamic operational contexts. To address this

gap, we propose InSight-R, a structured interface data-driven probabilistic framework

that quantitatively models the association between interface design attributes and

interface-induced human errors. By integrating objective interface analytics, empirical

behavioral data, and hierarchical probabilistic inference, the framework enables pathlevel diagnosis of
interface-induced risks. The model captures theoretically motivated

directional relationships between interface metrics and operator cognitive-behavioral

states, where target salience, semantic interference, and interaction span jointly predict
execution-related and time-deviation errors. The framework was evaluated on a highfidelity nuclear
simulator using representative panel-inspection tasks with licensed

operators and student participants. Results show that increased visual and semantic

complexity is associated with higher probabilities of execution errors and temporal

deviations. By establishing a quantitative link between interface design attributes and

human error probabilities, InSight-R provides a data-driven refinement of HMI-related
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performance shaping factors and supports dynamically interpretable human reliability
analysis.

Keywords: Human reliability analysis, Human—-machine interface, Interface-induced human error, Hi-
erarchical probabilistic modeling, Dynamic risk analysis
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Abstract: This paper presents a sub-terahertz coaxial overmoded Cherenkov generator operating at ap-
proximately 340 GHz, with an overmoded ratio (diameter-to-wavelength ratio, D/A) of about 6.74. The
designed operating mode of the device is the quasi-TEM mode. Due to the large overmoded ratio, the
resonant characteristics of the operating mode are close to those of the asymmetric modes, making it
highly likely to excite the angular asymmetric modes and induces significant mode competition, which
can lead to operational instability. By implementing a slotted slow-wave structure (SWS), the resonant
characteristics of different modes are substantially altered. The effectiveness of this approach in sup-
pressing mode competition is verified through 3D PIC simulations.Under the simulation conditions of
a magnetic field of approximately 6 T, a diode voltage of about 300 kV, and a diode current of approxi-
mately 1.4 kA, the device ultimately generated terahertz waves with a frequency of about 337 GHz and
a power of approximately 62 MW.

Keywords: Cherenkov generator, mode competition, terahertz
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Abstract: In accordance with the HAD102/04-2019 Nuclear Safety Guideline, a full-life failure prob-
ability below 10-7 is required for a nuclear power plant Control Rod Drive Mechanism (CRDM) to
qualify as an incredible projectile. Conventional static Probabilistic Fracture Mechanics (PFM) methods
are inherently overly conservative and incapable of assimilating in-service inspection data. Taking the
HPR1000 ML-B+ type CRDM as the research object, this paper assesses the dominant failure mode of
Stress Corrosion Cracking (SCC). A semi-elliptical crack defect model incorporating thermal aging ef-
fects and nonlinear residual stresses is constructed, excluding the crack initiation phase. A high-order
SCC growth model and a surrogate model with relative error < 5% are developed. A quasi-dynamic
Bayesian framework coupling Adaptive Markov Chain Monte Carlo (AM-MCMC) and Regularized Par-
ticle Filter (RPF) is proposed to enable unbiased parameter identification and dynamic failure probability
updating. Monte Carlo simulations show that the failure probabilities of all critical sections and welds
are consistently on the order of 10-8, well below the safety threshold. The full-life evolution of failure
probabilities is stable without abrupt increases, and initial defect depth is identified as the dominant
controlling factor via sensitivity analysis. Noisy Observing System Simulation Experiment (OSSE) tests
verify that the tracking accuracy and convergence performance of the algorithm meet engineering re-
quirements. The proposed method overcomes the limitations of conventional PFM approaches, validates
the incredible projectile compliance of the CRDM, and provides a quantitative basis for full-life safety
assessment of key nuclear power components.

Keywords: Control Rod Drive Mechanism (CRDM); Stress Corrosion Cracking (SCC); Probabilistic
Fracture Mechanics (PFM); Bayesian Dynamic Assessment; Adaptive Markov Chain Monte Carlo (AM-
MCMC); Incredible Projectile Qualification
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Abstract: Nuclear power plant (NPP) life extension is a critical strategy for the global development of
nuclear energy. The evaluation and enhancement of the in-service performance of nuclear power struc-
tures beyond their design service life serve as an essential safeguard for safe life extension. Nuclear
reactor pit structures are chronically exposed to high-temperature and irradiation environments, and
the detection and evaluation of their irradiation-induced deterioration constitute a decisive factor for life
extension feasibility.To address the challenge of accurately evaluating the long-term performance of re-
actor pit structures under irradiation, extensive high-dose irradiation tests were conducted and the first
domestic performance database for irradiated concrete was established. Based on experimental data,
theoretical analyses were performed to systematically reveal the macroscopic performance degradation
mechanism of concrete under high-dose irradiation. A micromechanics-based multi-scale performance
evolution model for irradiated concrete was developed, and a performance evaluation and life predic-
tion method for reactor pit structures under the irradiation-thermal-mechanical coupling mechanism
was constructed, enabling precise prediction of the performance of irradiated concrete structures.The
research findings have been successfully applied to the mid-term life extension evaluation projects of
Qinshan Phase II and Tianwan Nuclear Power Plants, accurately identifying the safety margins of the
units.

Keywords: Concrete; Nuclear Power; Reactor Pit; Performance Evaluation
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ORI THER K RSB T 47 TR, X EAE B A T GaN (7 F TR SR AR A
B, AT TN —REEEM 22 RIR AN 2 R B,

FEA: RS BILER ; TCAD ; SRIM ; BRASHIR

Abstract: This study employed Technology Computer-Aided Design (TCAD) simulations to determine
the optimal thickness and doping concentration of the intrinsic gallium nitride (i-GaN) layer in p-i-n
GaN diodes, aiming to improve detection efficiency and device reliability. The energy loss and transient
current responses induced by a particles and tritium (3H) particles in GaN p-i-n diodes were investigated.
In addition, the transient current behavior associated with electron—hole pair collection was analyzed.
The results indicate that the tailing effect observed in the transient current response originates from
radiation-induced hole accumulation. Increasing the reverse bias voltage of the detector leads to a
higher transient current pulse amplitude, which is attributed to the widening of the depletion region
and the resulting enhancement of carrier collection. These findings are expected to contribute to the
development of GaN-based neutron detector technologies, which are of critical importance for next-
generation applications in nuclear science and space science.

Keywords: Neutron detector; GaN; Technology Computer Aided Design; SRIM, transient current
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Abstract: In the calculation of rod ejection accidents, compared with the traditional one-dimensional
analysis method, the three-dimensional analysis method avoids some conservative assumptions and can
obtain more realistic but still conservative analysis results. With the rapid development of computer
hardware and the improvement of analysis methods, the conditions for more accurate analysis methods
are available, which can reasonably obtain safety analysis margins. Therefore, it is necessary to use the
three-dimensional method for rod ejection accident analysis to reasonably release some conservatism
on the premise of ensuring that the safety analysis has sufficient margin. In this study, by coupling
the core subchannel software and the neutron kinetics software in COSINE software package, and then
extracting the thermal parameters of the three-dimensional rod ejection result of the hot rod file, the
subsequent DNBR analysis and enthalpy analysis are carried out to realize the research on the accident
analysis function of three-dimensional rod ejection.

Keywords: cosSUBC; Three-dimensional rod ejection; DNBR analysis; Enthalpyanalysis
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B BN 3D FTEIFHE A ffifE T FE B 7597 (individualized 3D-printed vaginal cylinder
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NI, HEEAT)D BARAI L, ML 3D FTHIHEA AT IR B Va7 AR X2 AL, AEAR
e AR B L B SN AR LX), R e, &

REER: HA B EGT, EEMLRERT, ™MAL 3D fTEIEE, 3%

Abstract: To explore the advantages of individualized 3D-printed vaginal cylinder template-guided in-
terstitial brachytherapy (3D-p-VC-ISBT) in locally advanced cervical cancer, and to provide reference
for clinical adaptive brachytherapy.

Clinical data of patients with advanced cervical cancer were analyzed, and individualized 3D-printed
vaginal cylinder interstitial implantation therapy was adopted.
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Mann-Whitney test and Kruskal-Wallis test were used to compare the data of three types of plans, in-
cluding intracavitary plan, interstitial implantation plan, and pre-plan of the interstitial implantation

group.

Individualized 3D-printed vaginal cylinder template-guided interstitial brachytherapy delivers superior
target volume dose coverage. It enables adaptive adjustment of the interstitial implantation plan accord-
ing to changes in tumor volume and location, with safer and more efficient clinical operation.

Keywords: interstitial brachytherapy, IGABT, 3D-printed individualized vaginal cylinder template,
Cervical cancer
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Abstract: In the field of uranium enrichment engineering, material collection in vessels is a critical pro-
duction link that restricts production efficiency. Based on actual production requirements, this study
adopts the VOF and Lee models to establish a numerical simulation model capable of accurately analyz-
ing the material phase transition process inside the receiving vessel. The material collection process is
simulated and verified with real materials, which provides a foundation for the subsequent design and
optimization of vessels and refrigeration equipment.

Keywords: Uranium enrichment ; vessel ; phase change ; simulation
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E: B HON RS | SEL BEEN BT TIRK & E KRR LR, RZEMELITFER
[ RE, $EH—FET MRUCT W5 X TEAE M & s A 7 BE N BUT RN 51, §1ER
llm RIE AL AT SERYF BN R SR AR HE, 777 - M ImE I BV & RER BN o AT 2eMe, PREIZIRTE 2 a4
HRHE, SGEZESEEREESISREIEE, B MRS CT WX 72 mimisiil, XA
StratifiedGroupKFold M —ER X IR T EE RIS, BRI S (Delta —MSIHHHE, 2
AIHIHE, PTV INGHRHIE) R TININERE, 455K | ZESHHER SR AUC MEHE 0.7059 122
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0.9698 (327 37%) 0 MRI 73 X FEANERELR X IH4E & 156 4ERFIEEERT AUC #5501 0.97 ; CT 9 1E
Dose 50 XIS 122 fEFHFERATR 2 FBRAMEE, AUC N 0.9848, BUBIK 1.0, W93 AUC
I 0.960 ZHIC | FTIRST IR AE 0 JGRTT BTN BE R BT IRIRIR B EALSR:, AR T
BRiRIE, IHATRESREE, BEARIFMNIRKREE .

R BENYT ; REAEY  FEAY  SEEEES  IlEES

Abstract: Objective: To address the lack of objective and quantitative evaluation methods for decision-
making in MRI-guided online adaptive radiotherapy (ART), which currently relies heavily on clinical
experience, this study proposes a prediction method for ART decision-making based on MRI/CT dual-
branch deformation vector field radiomics, aiming to provide reliable decision support for clinicians.
Methods: An end-to-end intelligent analysis framework was constructed to deeply mine deformation
radiomics features. A dual-branch (MRI/CT) classification prediction model was developed by integrat-
ing a multimodal radiomics feature library with machine learning algorithms. Patient-level evaluation
was performed using StratifiedGroupKFold and leave-one-out cross-validation. Feature fusion (Delta
first-order statistics, deformation field features, and PTV edge features) was employed to enhance pre-
dictive performance. Results: Multimodal feature fusion improved the AUC from a baseline of 0.7059 to
0.9698 (a 37% increase). The MRI branch achieved an AUC close to 0.97 using a 156-dimensional feature
set in the external region of interest. The CT branch reached the global optimal performance with an
AUC of 0.9848 and a sensitivity of 1.0 using a 122-dimensional feature set in the Dose_50 region. Both
branches achieved AUC values exceeding 0.96. Conclusion: The proposed method provides quantitative
support for ART decisions during fractionated treatment, potentially reducing unnecessary plan modi-
fications and improving treatment accuracy and efficiency, demonstrating strong potential for clinical
translation.

Keywords: Adaptive radiotherapy; Deformation vector field; Radiomics; Multimodal fusion; Machine
learning
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Abstract: This study investigates the influence of long-term non-proportional leakage of He-Xe binary
working fluid on the lifetime performance and operating margin of a centrifugal compressor in a space
closed Brayton cycle. A coupled analysis framework of “leakage evolution—property drift-compressor
performance variation-system matching migration”is established. First, an equivalent leakage model is
developed to predict the temporal evolution of system pressure, mixture composition, and mean molar
mass. Then, a variable-composition real-gas property model is coupled with three-dimensional CFD
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simulations to obtain compressor performance maps at different service stages. Finally, a compressor—
turbine system matching model is introduced to determine the migration of the operating line and ac-
tual operating point. The results show that preferential helium leakage leads to a nonlinear decrease in
system pressure, an increase in mean molar mass, and a reduction in the gas constant. These variations
drive the compressor operating point toward the high corrected-flow-rate region and gradually away
from the initial high-efficiency zone. At the end of service life, the high relative Mach number region
expands inside the impeller passage, accompanied by local choking tendency and enhanced separation
near the suction-surface/shroud corner. These flow mechanisms contribute to efficiency degradation
and choking-margin reduction. The results indicate that the design of long-life He-Xe centrifugal com-
pressors should account for lifetime boundary drift and operating-margin redistribution induced by
working-fluid leakage.

Keywords: closed Brayton cycle; He-Xe working fluid; centrifugal compressor; non-proportional leak-
age; real-gas properties; system matching; operating margin
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Abstract: The dynamic radioactive plumes induced by nuclear accidents introduce significant uncer-
tainties into off-site emergency evacuations. To address the vulnerability to radiation exposure and the
lack of global spatiotemporal perception inherent in traditional algorithms,

this paper proposes a spatiotemporal path planning model for nuclear emergencies, termed Phy-TransA,
which integrates physical priors with deep learning. The model employs a hierarchical decision-making ar-
chitecture: it generates a set of candidate paths based on the A algorithm and road network topology, and
utilizes a Transformer network to analyze multidimensional spatiotemporal physical feature vectors,
predicting the risk probabilities of decision node branches across different spatiotemporal contexts. Ra-
diation field simulations were conducted using the URBAN 2000 IOP #10 field tracer experiment data
and a Lagrangian particle tracking model. The results indicate that in unknown heterogeneous
scenarios characterized by source spatial offsets and intermittent releases, Phy-TransAexhibits algorith-
mic validity and scenario adaptability. Compared with the traditional A algorithm, the proposed model
reduces the median cumulative dose of evacuation paths by 95.40%, accompanied by a 38.28% increase
in travel time, effectively bypassing local high-concentration plumes.

Keywords: Nuclear emergency, Path planning, Transformer, Radiation protection, A*
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Abstract: To address the operational issues caused by powder particles in low-vacuum gas separation
systems, a kinetic model describing particle agglomeration and deposition in gas-solid two-phase flow
was constructed within the Eulerian-Lagrangian framework. Simulations were conducted to evaluate
the particle agglomeration and deposition characteristics in straight pipes, elbow pipes, and tee pipes
under varying gas flow rates to explore methods for extending equipment component lifespan. This
involves promoting direct particle deposition or agglomeration into larger particles that subsequently
settle gravitationally within the pipeline. Results indicate that drag force dominates particle deposition
in straight pipes, while drag force and inertial force compete as the primary deposition mechanisms
in elbows and tees. Measures such as increasing pipe diameter can promote particle agglomeration to
enlarge particle size and extend gravitational settling time, thereby increasing the proportion of particle
deposition. Alternatively, optimizing tee pipe configurationsdesigning bends before critical equipment
or can facilitate particle depositionelocity changes must be carefully monitored.

Keywords: low vacuum; agglomeration; deposition; pipe; particle
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Abstract: Fast reactors are an important part of China’s three-step nuclear energy development strategy
of “thermal reactor - fast reactor - fusion reactor”. As one of the core technologies, the irradiation
deformation behavior of fuel assemblies directly affects the safe operation of the reactor core. Fast
reactors use wire-wrapped triangular tight lattice fuel assemblies. Problems such as increased fuel rod
diameter, elliptical deformation, and coolant channel deformation after irradiation may cause local heat
transfer deterioration and structural integrity risks. This study focuses on the irradiation deformation
analysis technology of wire-wrapped fuel assemblies and conducts two aspects of work: in the aspect
of fine simulation, a full life cycle analysis method coupling irradiation effects, fine structures, and
pre-tightening forces is established for the first time, which fully simulates the deformation and stress
evolution process from pre-tightening manufacturing to reactor core operation. The results show that
in the early stage of operation, the fuel rods deform in a helical shape throughout their length and the
circumferential stress of the cladding shows a “gourd-shaped” distribution. As irradiation proceeds, the
helical deformation outside the active zone gradually disappears and the stress tends to be uniform.
This evolution law is consistent with the results of post-irradiation hot cell inspection. In the aspect
of efficient calculation of fuel assemblies, a three-dimensional irradiation deformation efficient analysis
model based on shell-beam elements is developed. By coupling constraints, axial connection elements,
and general contact technology, complex mechanical interactions are simplified, and user subroutines
are used to introduce material irradiation behavior and non-uniform in-core conditions. Verification
shows that this model can achieve the same accuracy as the fine model with a sixfold increase in the
number of nodes and a tenfold increase in the solution speed, combining high fidelity and efficiency.
Further research will be conducted to deepen the study of the irradiation deformation mechanism of
fuel assemblies.

Keywords: Fast reactor, fuel assembly, irradiation deformation, numerical simulation
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Abstract: This study presents a comprehensive procedure for uncertainty and sensitivity analysis of
source terms in severe accidents of nuclear power plant, utilizing the Best Estimate Plus Uncertainty
(BEPU) methodology. The procedure incorporates Severe Accident Management Guidelines (SAMG)
actions and explores their impact on radioactive release fractions. The analysis is applied to the con-
tainment intact release category for a two-loop pressurized water reactor (PWR) in China, derived from
Level 2 Probabilistic Safety Assessment (PSA). Key parameters influencing the source term, including
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the timing of Low-Pressure Safety Injection (LPSI) and containment spray activation, are identified and
their uncertainties quantified following running of 200 cases by MAAP code. The results demonstrate
that the LPSI injection timing is the most influential factor on both noble gases and Cesium Iodide (CsI)
release fractions, with a strong correlation identified through Spearman’s rank correlation

coefficient analysis. The containment spray activation has a moderate influence on noble gases while
it plays a less significant role for CsI. The study also highlights the importance of aerosol behavior and
severe accident progression parameters, which, although influential, exhibit weaker correlations than
SAMG actions. These findings indicate the importance of selecting representative accident sequences
for release categories with particular attention to SAMG action uncertainties during source term calcu-
lation. The research contributes to enhancing the accuracy and reliability of source term predictions
in Level 2 PSA and provides an insight for future investigations into the application of BEPU in severe
accident analysis.

Keywords: Uncertainty Analysis, Sensitivity Analysis, Source Term, SAMG, BEPU
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Abstract: FLASH radiotherapy delivers ultra-high dose rates (=40 Gy/s) within hundreds of millisec-
onds, sparing normal tissues while effectively killing tumors. However, conventional X-ray devices
suffer from low dose rates and slow multi-angle switching, hindering clinical translation. This study
addresses these bottlenecks by developing a static multi-angle FLASH X-ray apparatus. Key innova-
tions include: a compact high-current (=400 mA) standing-wave accelerating tube and a high-speed
rotating bremsstrahlung target, achieving a single-tube dose rate =40 Gy/s at 80 cm SSD; a superca-
pacitor-based solid-state pulse modulator providing 300 kW instantaneous power and an FPGA-based
multi-channel synchronized control system; and a static gantry integrating five fixed X-ray sources with
a 1-to-5 microwave power distribution network, eliminating the speed limitation of mechanical rotation.
An advanced prototype is expected to be established, providing essential equipment support for clinical
translation of FLASH radiotherapy and promoting independent innovation of high-end radiotherapy
devices in China.

Keywords: FLASH radiotherapy; ultra-high dose rate; multi-angle X-ray apparatus; linear accelerator;
solid-state pulse modulator
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Abstract: Abstract

Background: Fibroblast activation protein (FAP) is an important target for radionuclide radiotherapies
(RPT) and is highly expressed in various solid tumors. With the rapid development of *’"Lu-labeled FAP
agents, accurate assessment of absorbed dose in preclinical models is essential for efficacy, safety, and
clinical translation. Currently, MIRD-based organ-level dosimetry and Monte Carlo (MC)-based voxel-
level dose calculations have fundamental differences in physical models, and their consistency requires
systematic comparison. This study aims to compare GATE Monte Carlo simulations with MIRD-based
methods for dose calculation in tumor-bearing mice, with an emphasis on the advantages of MC in
physical processes such as particle transport, secondary electron deposition, tissue heterogeneity, and
boundary effects.

Methods: Based on a U87 tumor-bearing BALB/c nude mouse model, three *’Lu-FAP agents were in-
jected via the tail vein. Small-animal SPECT/CT imaging was performed at multiple time points post-
injection, and VOIs of major organs were manually delineated to obtain organ radioactivity at each
time point. OLINDA/EXM, Odam, and the PKAD algorithm were used to calculate TIACs followed by
normalization, and organ absorbed doses were obtained based on the MIRD framework combined with
S-values. Meanwhile, SPECT/CT images were imported into 3D Slicer for format conversion, and spa-
tial coordinate transformation was performed using Python to generate input for GATE simulations.
Voxel-level MC simulations were performed using GATE v9.0 (Geant4). CT images (0.25 mm voxel size)
were used to construct a voxelized phantom, and SPECT images were used to define a voxelized source.
The physical processes included photoelectric effect, Compton scattering, and bremsstrahlung, without
energy cuts or variance reduction. The radioactive sources were “’Lu. DoseActor was used to output
energy deposition and dose distributions. The simulation time was set to 1/10-1/100 of the actual ac-
quisition time, with statistical uncertainty <5%. Each mouse simulation took 3.5 hours on a computing
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cluster. Based on the delineated VOIs, dose rates of each organ were calculated, and total absorbed doses
were obtained by integral fitting. Energy profiles and dose contour lines were also analyzed.

Results: All three radiopharmaceuticals showed high radioactive uptake and retention in tumors. In
terms of organ absorbed doses, the kidney and tumor absorbed doses calculated by the MIRD-based
methods (OLINDA/EXM, Odam, PKAD) were 19.78-45.94 Gy/GBq and 670.27-744.43 Gy/GBq, respec-
tively. The results from different calculation tools were relatively close / showed some differences.
Voxel-level dose distributions obtained from GATE Monte Carlo simulations revealed significant intra-
tumoral dose heterogeneity, with mean absorbed doses ranging from 713.51 to 840.10 Gy/GBq, showing
a difference of 12%-25% compared to the MIRD-based methods. At the voxel level, the kidneys also
exhibited local hotspots, with a maximum-to-mean dose ratio reaching 2.5.

Conclusion: The MIRD-based methods provide organ-level mean doses suitable for rapid assessment
but fail to reflect internal dose heterogeneity. GATE-MC, by accurately simulating particle transport,
secondary electron deposition, and boundary effects, reveals dose heterogeneity within tumors and kid-
neys, which is closer to the true physical distribution. The two approaches are physically complemen-
tary, and their combined use can provide a more comprehensive physical basis for preclinical dosimetry
characterization and clinical translation of RPT agents.

Keywords: Absorbed dose; MIRD; Monte Carlo; Radiation dosimetry; Medical physics
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Abstract: To develop a high-accuracy burnup database for fast reactors and establish a refined and
systematic benchmark validation method, this study developed the LIB_Convert code. Combined with
the general burnup database production system GENDEPLIX, a burnup database FRBurn.lib suitable for
the CINDER90 code was produced based on the CNAF 3.4 and ENDF/B-VIILO libraries. Then, taking the
TAKAHAMA-3 pressurized water reactor as the object, systematic research on the benchmark validation
method for the burnup database was carried out, and the established methodology was applied to the
verification of FRBurn.lib. Finally, the FRBurn.lib database was validated using the Japanese JOYO fast
reactor MK-1 assembly as a benchmark problem. The calculated values are in good agreement with the
experimental values, verifying the accuracy and reliability of the database.

Keywords: Burnup database; Burnup benchmark validation; Inventory calculation; JOYO; CINDER90
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Abstract: In the optimal design of radiation shielding, the shielding performance of known materials
can be accurately calculated using the Bethe-Bloch formula. Nevertheless, practical design still relies
on time-consuming black-box search algorithms. The optimal shielding materials obtained in this way
not only lack physical justification but are also unconvincing: the algorithmic results are sometimes
irreproducible, and outputs from different algorithms can differ substantially. This creates an urgent
demand to clearly identify, through rigorous physical formulas, what the optimal shielding material is
under given conditions and how to determine it uniquely. In this paper, we propose a semi-empirical
model inspired by the Local Plasma Approximation (LPA) theory, revealing a robust scaling correla-
tion between macroscopic electron density (pe) and full absorption threshold (Eth). Through Geant4
simulation analysis of 112 elemental and composite materials, we demonstrate that pe, as a collective
parameter, effectively captures the condensed matter effects ignored by independent atom models. We
observe a strong empirical correlation where the material’s I-value and pe follow a scaling relation of
1/pexI-2/3. This exponent deviates from the theoretical prediction for an ideal electron gas (1/pexI-2).
To address volume anomalies caused by shell structures, we further propose an isoelectronic correc-
tion method for ionic compounds, which significantly reduces prediction errors. Based on this, we
established an empirical model using the single variable pe to directly calculate Eth (R2>0.99989) and
implemented an inverse design solution for shielding. Compared to the Multi-objective Genetic Algo-
rithm (NSGA-II), this inverse design method achieves a calculation efficiency improvement of over five
orders of magnitude while maintaining the mean absolute percentage error (MAPE) of less than 4.6%.
Furthermore, based on an inversion strategy using characteristic materials, we provide a complete ana-
lytical formula for Eth(d, pe) including thickness variables. This offers an analytical method combining
physical interpretability and computational efficiency for space radiation shielding design subject to
dual mass and volume constraints.

Keywords: Mean Excitation Energy;Stopping Power;Shell Effect;Electron Density;Bethe-Bloch For-
mula
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Abstract: A VHF photocathode electron gun generates high-repetition-rate, high-brightness electron
bunches in continuous-wave mode. Multipactor is a critical issue that causes power loss, cavity damage,
beam quality degradation, and shortened lifetime. This work confirms non-resonant multipactor in
the cavity, identifies its dominant region, and systematically optimizes cavity geometry to suppress
multipactor. The suppression mechanism is clarified via statistical analysis of electron trajectories. The
influence of copper secondary electron yield (SEY) is investigated, and an optimized cavity with ultra-
low multipactor and excellent RF performance is proposed for stable VHF gun operation.

Keywords: multipactor, secondary electron, VHF electrongun, cavity shape
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Abstract: This paper proposes a design scheme for a photoneutron source based on a compact 7 MeV
electron linear accelerator, which addresses the need for the online measurement of the neutron poison
concentration. The structure of the beryllium neutron conversion target is designed as a $160 mm x 40
mm cylinder, and its position relative to the solution to be measured is optimized through Monte Carlo
simulations, so that the number of neutrons entering the solution per unit flux reaches 1.4x10-5 n/e.
Simulation results show that the photoneutron source achieves a single-pulse neutron yield of 9.3x107
n/s. The proportion of neutrons with the energy below 1 MeV accounting for 89% of the total, of which
17.8% will undergo radiative capture in typical gadolinium solutions. The proportion of neutrons enter-
ing the solution to be measured during the accelerator beam pulse period is 94.7%, and the deviation
of neutron lifetime measurement caused by the broadening of the source is no more than 1.12%. The
temperature and stress levels of the target materials are within the safe range, thereby satisfying the cri-
teria necessary for ensuring long-term stable operation. This design provides a feasible neutron source
for the online measurement of the neutron poison concentration, thereby demonstrating its promising
application potential.
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Abstract: As global energy systems transition toward carbon neutrality, the increasing variability of
renewable generation and climate-sensitive load poses significant challenges to net-zero power sys-
tem adequacy. However, current assessments often lack a framework that captures high-resolution,
long-term load dynamics alongside transmission and storage constraints under future climate condi-
tions. This study constructs an integrated assessment framework to evaluate the adequacy of a net-zero
power system by coupling high-resolution load forecasting with power system simulations. We first
developed a neural network-based Hourly Electricity Load Model (HELM) for China to forecast provin-
cial load under diverse socioeconomic and climate scenarios. These forecasts were then integrated into
an 8760-hour simulation model encompassing 30 provinces to assess system performance under more
than 300 configurations of interprovincial transmission and energy storage for each carbon-neutral tran-
sition scenario. Results show that national electricity demand will reach 23262.59 TWh in 2060, with
a summer peak of 3234 GW, revealing the challenges ahead in demand volatility and rising peak loads.
In a power system dominated by wind and solar power, substantial spatiotemporal mismatches lead to
potential electricity deficits of up to 59.54%. Targeted expansion of transmission and storage can miti-
gate these gaps, enhancing national system adequacy by 16.25% and exceeding 50% in power-importing
provinces such as Zhejiang. These findings provide a strategic roadmap for China’s energy transition
by emphasizing the coordinated development of interprovincial infrastructure, flexible resources, and
market-based support mechanisms.

Keywords: Net-zero power system, Electricity load forecasting, Machine learning, System adequacy,
Interprovincial transmission, Energy storage
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Abstract: The geometric cross-sectional parameters of circular tubes including inner and outer diame-
ters, wall thickness, and eccentricity are critical indicators for manufacturing quality evaluation. Exist-
ing X-ray digital imaging-based inspection methods typically rely on the localization of edge transition
points (ETPs) in attenuation curves. However, their performance is fundamentally limited by the de-
tector’s physical pixel size and noise, leading to insufficient localization accuracy and, consequently,
degraded precision and stability in parameter inversion. To address these limitations, this paper pro-
poses a novel cross-sectional parameter reconstruction framework that integrates detector sub-pixel
motion with a closed-loop residual-driven optimization (CRO) algorithm. First, a sub-pixel detector
motion scheme is introduced to enhance the effective sampling resolution of the projection signal. An-
alytical simulation results demonstrate that, compared with the no-motion case (detector pixel size of
0.2 mm), reducing the motion step size to 0.1 mm, 0.05 mm and 0.04 mm decreases the mean absolute
error (MAE) of the inner contour major axis by 38.10%, 40.01%, and 47.25%, respectively. Furthermore,
to mitigate the influence of noise and other practical disturbances, a closed-loop iterative optimization
algorithm based on residual sign feedback is developed. In the proposed CRO framework, the residual
between measured projections and analytically computed projections from a parametric contour model
is evaluated at the ETPs to guide parameter updates, enabling iterative refinement of contour parame-
ters. Monte Carlo (MC) simulation results demonstrate that taking a motion step size of 0.04 mm as an
example, the introduction of the CRO algorithm reduces the MAEof inner contour major axis by 69.44%,
with a maximum MAE of only 0.03 mm. In summary, the proposed approach provides an efficient and
paratically feasible solution for high-accuracy industrial online inspection.

Keywords: X-ray, Online inspection, Sub-pixel motion
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Abstract: The full-scope simulator plays a critical role in nuclear power plant emergency drills, person-
nel training, and accident analysis. Traditional system programs lack sufficient computational perfor-
mance to meet real-time requirements when simulating complex accident scenarios in reactor systems.
This study focuses on the Small Break Loss of Coolant Accident (SBLOCA) in nuclear power plants,
generating large-scale datasets through digital simulations. After data preprocessing and standardiza-
tion, a lightweight Gradient Boosting Decision Tree (LightGBM) regression model was developed using
machine learning algorithms. SHAP (Shapiro’s Hypothesis Testing and Interpretation) analysis identi-
fied the contributing factors, enabling the model to predict key parameters such as fuel peak cladding
temperature, primary reactor coolant pressure, and pressurizer water level. The model achieved a mean
square error (MSE) below 0.002 and a coefficient of determination (R?) exceeding 0.98, with a prediction
speed approximately 32,500 times faster than traditional system programs—requiring less than 0.0004
seconds per data point. This study provides a novel solution for complex condition simulations in nu-
clear power plant full-scope simulators.

Keywords: Nuclear Power Plant Simulator; LightGBM; Parameter Prediction; SHAP
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Abstract: The ultraviolet spectrum of Gd I in the 305-325 nm range was studied using resonance ion-
ization spectroscopy, revealing 196 transition lines, including 66 strong ones. The lower and upper
energy levels were assigned to 190 lines by combining available reference data with pump—probe verifi-
cation, 172 of which are reported for the first time. Seventeen new even-parity high-lying excited states
were also identified. The strong lines reported here will contribute to future studies of Gd I Rydberg
and autoionization states and enable two-color, two-step photoionization pathways for and resonance
ionization mass spectrometry analysis.
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Abstract: In spent nuclear fuel reprocessing, neutron poisons are usually added to the spent nuclear
fuel solution for maintaining the solution in subcritical state. Gadolinium nitrate is a widely used neu-
tron poison, and its concentration should be exactly known for spent nuclear fuel reprocessing. In this
study, an e-LINAC driven photoneutron source based gadolinium concentration monitoring method
is proposed to measure the gadolinium concentration by analyzing the lifetime of photoneutrons in
gadolinium solutions. Monte Carlo simulation and experimental results are both presented and dis-
cussed. The results demonstrate this method works well for measuring gadolinium concentration within
the range of 0.1g/L~ 1.0 g/L.

Keywords: Neutron lifetime; neutron poison; Photoneutron; concentration analysis;
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Abstract: In order to solve the problem of thermal decomposition of part of the processing gas at
the mouth of the scoop, a method of mixing the gas of the decomposition product of the processing
gas into the centrifuge is proposed. By mixing the decomposition product gas, the Mach number of
the gas stream can be reduced, the temperature can be lowered, and the thermal decomposition rate
can be reduced. In this paper, the axisymmetric equal-diameter scoop model is used to simulate and
verify the separation of tetra(trifluorophosphine)nickel (Ni(PF3)4). By mixing PF3 with different volume
fractions in Ni(PF3)4, the following results are obtained: with the increase of mixed PF3 volume fraction,
the reclaiming flow rate increases, the maximum temperature of the fluid gradually decreases, and the
relative decomposition rate also decreases significantly, but when the volume fraction reaches 50%, the
hydraulic state of the scoop also changes. Therefore, the hydraulic state of the scoop and the degree
of thermal decomposition of the working substance should be comprehensively considered, and the
volume fraction of the auxiliary gas should be strictly controlled, which can alleviate the problem of
thermal decomposition of the working substance at the mouth of the scoop to a certain extent.

Keywords: Gas Centrifuges; Scoops; Thermal Decomposition of Processing Gas; Tetrakis(trifluorophosphane)nickel;
Gas Mixtures
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Abstract: The risk of hydrogen combustion after the Fukushima nuclear accident has always been a
topic of concern for the nuclear power industry. In the hydrogen risk assessment of probability safety
analysis (PSA) in nuclear power plants, the traditional methods by using lumped parameter program
method is fast but may have large uncertainties,

while the newly developed CFD analysis method is more accurate but has not yet been widely applied
to the hydrogen risk analysis of PSA due to a variety of factors. The lumped parameter analysis pro-
gram MAAP is used firstly to obtain the hydrogen parameters under the severe accident of small LOCA
in this paper, based on China’s third-generation large-scale pressurized water reactor (PWR) nuclear
power plant HPR1000, and then the probability of deflagaration to detonation (DDT) for hydrogen risk
is analyzed with uncertainty. Secondly, the CFD software GASFLOW program is used to analyze the
same accident sequence to obtain more accurate hydrogen distribution and other parameters, and at the
same time to obtain the DDT probability value of hydrogen risk. The hydrogen distribution obtained
by CFD calculation can be used to guide the uncertainty value

of the lumped parameter program to produce more accurate DDT value of hydrogen risk. The analysis
results show that there is a certain uncertainty in hydrogen risk assessment when using lumped param-
eter program method, which can be corrected by combining the gas distribution analysis results given
by CFD software, to obtain a more accurate and reliable probability value, so as to provide
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Abstract: The helium-xenon gas mixture is used in various designs of micro gas-cooled nuclear reac-
tors. The turbulent flow and heat transfer of helium-xenon is not well understood due to its distinct
Prandtl number (~0.2). There is still challenge in choosing proper turbulent Prandtl number model
for helium-xenon, since most previous turbulent Prandtl number models were investigated for lower
Prandtl number fluids (liquid metals, <0.03) or larger Prandtl number fluids (water, »1). The direct
numerical simulation method is fundamental in turbulence modeling and is helpful in formulating tur-
bulence models. The flow and heat transfer of helium-xenon in a planar channel was simulated with the
Reynolds numbers ranging from 5,600 to 13,700 and the Prandtl numbers of 0.2~0.3. Several turbulent
Prandtl number models along with the SST k- turbulence model were also used and compared with
direct numerical simulation method. By considering the effects of Reynolds number, Prandtl number
and wall-normal distance, a three-parameter turbulent Prandtl number model was proposed to depict
the near wall variations. It also compensated the deviation of turbulent viscosity from the specific tur-
bulence model and show the comparison results between the new model with and without correction.
Through analysis, usage suggestions for the new model were given.

Keywords: helium-xenon gas mixture, direct numerical simulation, Prandtl number, planar channel,
turbulent Prandtl number model
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Abstract: Digital twins for advanced reactor concepts must perform online parameter inversion under
sparse sensing and non-stationary dynamics, conditions in which Kalman variants and four-dimensional
variational schemes lose accuracy. We present an adjoint-based differentiable physics framework that
couples reverse-mode automatic differentiation through an implicit differential-algebraic plant model
with Tikhonov-regularised L-BFGS optimisation, yielding analytical parameter-sensitivity matrices for
gradient-based inversion. The framework is built around a fourteen-state closed-Brayton gas-cooled
reactor twin retaining six-group point kinetics with three reactivity feedbacks, recuperator and radi-
ator thermal capacitances, duct friction, and a power-management-and-distribution shaft controller.
We benchmark the method against the Ensemble Kalman Filter, the Unscented Kalman Filter, and a
finite-difference 4D-Variational baseline across full-observation steady-state, full-observation transient,
and partial-observation noise-scan scenarios, and we compare every estimator against the Cramér—Rao
lower bound. On the transient scenario the proposed method recovers the reflector reactivity coefficient
with 7.5% relative error, against 10.2% for 4D-Var and approximately 19% for the sequential filters; on
the partial-observation scenario it reaches 0.4%—0.55%, a 1.6x to 5x reduction over the same baselines.
The regularised adjoint estimators attain near-CRLB empirical variance with a residual relative bias
of order 5x107°. Sequential filters retain an advantage only on the controlled full-observation steady-
state single-parameter case, where they are theoretically Best-Linear-Unbiased optimal. By bringing
differentiable physics and adjoint sensitivities into closed-Brayton gas-cooled reactor digital twins, the
proposed framework offers a more accurate and statistically more efficient route to online identification
of safety-critical parameters under partial observation and transient excitation, supporting the progres-
sion of advanced-reactor digital twins from passive monitoring toward intelligent supervisory control.

Keywords: digital twin; adjoint method; differentiable physics; parameter inversion; closed-Brayton
cycle; gas-cooled reactor; data assimilation; Cramér—Rao lower bound
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Abstract: Covalent organic frameworks (COFs), as an emerging class of crystalline porous organic
materials, have shown remarkable potential for radioactive iodine capture due to their high specific
surface area, tunable pore structures, abundant active sites, and excellent chemical stability. However,
conventional synthesis methods, such as solvothermal approaches, typically require harsh conditions
(= 120°C) and long reaction times (72 h), which significantly hinder their scalable production and prac-
tical application. Therefore, it’s necessary to develop an efficient, green, and generalizable method for
rapid COFs synthesis. In this study, we propose a rapid synthesis and screening strategy for COFs
based on microplasma electrochemistry (MIPEC), enabling efficient preparation of COFs under ambi-
ent temperature and pressure, along with systematic evaluation of their iodine adsorption performance.
The synthesis mechanism of MIPEC was explored further, the highly reactive species generated by
the microplasma effectively initiate and accelerate the synthesis reactions. Compared to conventional
solvothermal methods, the MIPEC approach exhibits notable energy-saving advantages and exception-
ally high space-time yield. This method demonstrates good generality, having been successfully applied
to synthesize a series of COFs with flexible imine linkages and COFs with diverse linkages (rigid imine,
hydrazone, f-ketoenamies and azine linkages). The ultrafast synthesis platform based on MIPEC can be
used for high-throughput screening of high-performance COFs for iodine capture. The MIPEC method
not only enables the synthesis of materials with superior iodine adsorption performance but also offers
an efficient screening pathway, providing valuable reference data for the rational design and computa-
tional screening of novel COFs in the future.

Keywords: Covalent organic frameworks, Microplasma electrochemistry, Rapid synthesis, Iodine cap-
ture

ERER 76

Burnup Analysis Capability Based on Unstructured Mesh Geom-
etry in Reactor Monte Carlo code RMC

Authors: FEH"; 2K 2R, £ A
VIBEARE T RS
Corresponding Author: jie-li22@mails.tsinghua.edu.cn

FE: JEEEMINME (Unstructured Mesh, UM) E3F£ (Monte Carlo, MC) T2 —FRSeiHay J LA
AR, EEHRUMEE, BT RS, SRESVEBESSE T HERERAES, REEET
UM JURIEIK Fins T EHE BEWRHE, BN TRNHESFHNELICFE LS E S
HreE1, MC EEFEEET UM JUMBBFETF E R IR B Rt — 29, ASCRET MC I2F7E
UM JLAIFEZE RHARE T B 5 ERTSE, 1 RMC UM J LAl MR FHBSAIT ST e TR 2 At )
—HSH T UM J LA R EOBRFETH B INRE, 28 RMC BE77 KRUSTY KW HERT CSG 1 UM RFETTE
1A R, UM 5. CSG IRAUTE S MNMAFED THY keff N EEMERELCY SR, WIET
RMC £ T UM JUAEATIAFE T B I RERY IE R,

KEEF: X FER ; JREEMINAS  MHETHE  RMC

Page 110



2026 TR BRI LFBEE E A RIRIE / Book of Abstracts

Abstract: Unstructured Mesh (UM) serves as an advanced geometric modeling method in Monte Carlo
(MC) codes, offering inherent advantages for representing complex geometries, obtaining high-resolution
tally results, and enabling high-fidelity multi-physics coupling. Although significant progress has been
made in UM-based particle transport simulation within MC codes, full lifecycle reactor simulation still
requires burnup calculation and analysis capabilities. The development of burnup calculation methods
based on UM geometry in MC codes remains an area requiring further investigation. This study focuses
on burnup calculation methodologies under the UM framework in MC codes. Leveraging the particle
transport and tally capabilities of RMC’s UM geometry, we have further implemented burnup calcula-
tion functionality based on UM in RMC. Both CSG and UM burnup calculation models of the KRUSTY
are established for RMC. Results demonstrate consistent agreement between the UM and CSG models
in terms of keff and the evolution of key nuclide masses across different burnup time steps, confirming
the accuracy of RMC’s UM-based burnup calculation capability.

Keywords: Monte Carlo code; Unstructured Mesh; Burnup Calculation; RMC
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Abstract: Radioactive materials can be released into the external environment after nuclear facility
accidents. Therefore, it is necessary to rapidly assess the spatial distribution of radioactive nuclides.
Using only the concentration distribution of radioactive nuclides predicted by the atmospheric disper-
sion models may result in deviations from the actual concentration distribution. To make the predicted
distribution more consistent with the actual distribution, a method based on Kriging interpolation was
developed to rapidly correct the predicted concentration distribution using a small amount of environ-
mental aerosol monitoring data. In addition, a method for optimizing environmental aerosol monitoring
locations based on a differential evolution algorithm was developed to guide the placement of more rep-
resentative monitoring locations and improve the accuracy of the corrected concentration distribution.
The results indicated that using optimized monitoring locations to obtain environmental monitoring
data enhanced the accuracy of prediction in key areas in the constructed case-studies, reducing false-
negative areas by 97%.

Keywords: Nuclear facility accidents, Environmental monitoring, Monitoring locations, Kriging inter-
polation, Differential-evolutionary algorithm
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Abstract: The grazing-incidence focusing Small Angle Neutron Spectrometer (gif-SANS) at Compact
Pulsed Hadron Source (CPHS) of Tsinghua University addresses the challenge of building high-performance
SANS instrument based on Compact Accelerator-driven Neutron Sources. A multi-layer nested neutron-
focusing supermirror with a large collecting area is used to achieve > 10° n/s neutron flux at Qmin <
0.007 A™* in gif-SANS. In addition, a post-collimation system consisting of multiple aperture blades is
employed in conjunction with the focusing mirror to block stray neutrons and suppress diffuse scatter-
ing noise, thereby significantly improving the resolution. The spectrometer can be switched to a pinhole
collimation mode for higher Q measurements. Two detectors are equipped on gif-SANS: a large-area
He-3 LPSD detector for normal Q-range measurements, and a high-resolution neutron-sensitive mi-
crochannel plate (nMCP) detector to extend the Qmin down to 10 A%, The entire instrument has been
experimentally validated and has successfully passed the final acceptance tests.

Keywords: SANS; Neutron optics
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Abstract: Particle resuspension is a common phenomenon in nature and industries but not fully under-
stood yet. In this work, we report direct

experimental evidence for turbulence-induced resonance of wall-adhered particles before detachment.
The recorded frequency is one or two

orders of magnitude lower than that normally predicted by the Rock n’Roll model. The frequency ratio
/, between the natural frequency of

particle adhesion and wall turbulence frequency, is found to be the key parameter that determines the
occurrence of turbulence-induced reso

nance. This work may shed light on the resonance-enhanced cleaning of very small particles.

Keywords: particle resuspension; turbulence-induced resonance; critical frequency ratio
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Abstract: Coherent Elastic Neutrino-Nucleus Scattering (CEVNS) offers a unique channel for probing
neutrino properties and testing physics beyond the Standard Model. The REactor COherent neutrino
scattering Detection Experiment (RECODE) aims to measure reactor CEVNS using high-purity germa-
nium (HPGe) detectors. In this work, the dominant experimental background—cosmic-ray radiation—
is systematically evaluated and optimized through Monte Carlo (MC) simulations. The analysis reveals
that the muon-induced background dominates at high energies, whereas the neutron-induced compo-
nent rises rapidly in the low-energy regime and exhibits a substantially lower veto efficiency compared
to that achieved for muon-induced events. With the shielding system, the dominant experimental back-
ground is cosmic-ray background. In the absence of overburden, the neutron-induced background be-
comes more significant than the muon-induced background, and further shielding of cosmic-ray neu-
trons should be a key consideration in subsequent improvements. For highly penetrating muons, extend-
ing the time window of the plastic scintillator to 100 ps would reduce the muon-induced background by
an additional factor of two.

Keywords: CEvNS, Cosmic-ray. Monte Carlo
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Abstract: In response to the shortcomings of traditional neutron-absorbing materials, such as radiation
swelling and poor high-temperature stability, this study focuses on the Dy2(ZrxTi1-x)O5 (x = 0, 0.25,
0.5, 0.75, 1) ceramic series. Samples were prepared using a high-temperature solid-state reaction method
with secondary sintering, and the effects of Zr doping on the material’s crystal structure, thermal stabil-
ity, thermal expansion, and mechanical properties were systematically investigated. The results show
that Dy2TiO5 without Zr doping cannot form a pure cubic phase; instead, it exhibits impure phases and
pyrochlore superstructure structures. Lower Zr doping (x = 0.25) results in a pyrochlore phase, while
higher Zr doping (x=0.5 to 1) yields a single-phase cubic fluorite structure. The fabricated samples have
uniform grain sizes (10-15 pm), high density, and evenly distributed elements. After annealing at 600°C,
the phases remain stable, and the zirconium-containing components exhibit better thermal compati-
bility. Nanoindentation experiments indicate that Dy2ZrO5 has the highest hardness, outperforming
Dy2TiO5 in terms of overall performance. The study demonstrates that Dy2ZrO5 possesses excellent
high-temperature stability and mechanical properties, making it an ideal candidate material for new
control rod neutron-absorbing materials. This research provides experimental support and theoretical
references for the design and application of advanced rare earth-based nuclear ceramics.

Keywords: Neutron absorption material; Zirconium doping; Crystal structure; Thermal stability; Me-
chanical properties.
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Abstract: The reactor of the Nuclear Thermal Propulsion System is a compact ultra-high-temperature
gas-cooled reactor, whose extremely high-power density makes it highly likely to experience flow in-
stability, which is related to the coupling and feedback of core flow, heat transfer and pressure drop.
Considering the special packing structure of the particle bed is similar to that of a porous medium, it
can be simplified as a porous medium model for analysis. At present, there are few studies on the flow
and heat transfer characteristics of particle beds, and the pressure drop and heat transfer models se-
lected have significant differences from the actual structure of the particle beds. This paper conducts
a comprehensive investigation of flow and heat transfer models for various packed beds, analyzes the
key influencing factors, and evaluates the applicable models with the structural characteristics of the
particle beds. Based on the simplified two-dimensional model of the particle bed, the influence of two
parameters of the flow heat transfer model on the instability boundary was analyzed using the compu-
tational fluid dynamics method. Starting from the conservativeness of the instability safety analysis, a
recommended resistance and heat transfer model was developed.

Keywords: Particle bed, Flow instability, Porous medium, Flow and heat transfer model
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Abstract: This paper proposes an analytical method for characterizing the energy exchange between
electrons and the electromagnetic field in the triple-gap injection cavity of a broadband klystron ampli-
fier. By adding a frequency-dependent coefficient to the electric field amplitude of the axial standing
wave of each gap, the axial electric field expression across the operating frequency band is obtained.
Based on small-signal theory, the electron dynamics is analyzed, and an expression for the energy ex-
change between the electron beam and the electromagnetic field in the triple-gap cavity is derived. The
analysis of a triple-gap injection cavity with a specified structure is conducted by the use of the results
derived above. To validate the analysis, the energy absorption of electrons is examined in PIC simu-
lations. The outcome is consistent with the results obtained from theoretical analysis. Therefore, the
analytical results derived in this work provide guidance for designing triple-gap injection cavities in
broadband klystron amplifiers.

Keywords: High power microwave, Broadband klystron, Triple-gap injection cavity, Delf-oscillation
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Abstract: Abstract. To achieve non-contact and reliable monitoring of insulation status in power equip-
ment, this paper proposes a fault diagnosis method based on the statistical characteristics of Partial Dis-
charge (PD) optical signals. Three typical PD models—needle, floating, and surface defects—were simu-
lated in a needle-type GIL experimental chamber filled with SF6 gas. A high-gain, magnetic-interference-
resistant Silicon Photomultiplier (SiPM) was employed to capture PD optical radiation signals. A Max-
Pooling algorithm was used for downsampling to retain pulse transient features while reducing data
redundancy. A 21-dimensional statistical feature vector was extracted based on Phase Resolved Partial
Discharge (PRPD) patterns, including feature set Mx derived from the maximum discharge distribution
and Mn from the pulse repetition rate distribution. Statistical operators such as skewness (Sk), kurtosis
(Ku, and modified cross-correlation coefficient (MCC) were introduced to quantify pattern shapes. Fi-
nally, a Decision-Level Fusion (DLF) framework based on BP Neural Network, SVM, and Random Forest
was constructed. Experimental results show that the DLF model achieves an accuracy of 90.56% on the
test set, significantly outperforming single-classification models.

Keywords: Partial Discharge,Optical Signal,Decision-Level Fusion,Statistical Characteristics
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Abstract: Helium-xenon gas mixture is used as the coolant for space nuclear power plants. Under the
influence of temperature gradients, thermal diffusion occurs, leading to an uneven mixture of helium
and xenon. Existing research on helium-xenon flow and heat transfer treats the mixture as a pure gas,
ignoring the issue of uneven mixing. However, due to the significant differences in the properties of
helium and xenon, the uneven mixing may have a considerable impact on the flow and heat transfer
characteristics. This paper is based on Taylor’s helium-xenon experiment and uses Fluent to study the
factors influencing the separation of helium and xenon in a circular tube under temperature gradients
and its impact on flow and heat transfer. The results show that the separation of helium and xenon
under temperature gradients is mainly affected by heat flux density, inlet Reynolds number, and inlet
temperature. When the heat flux density is high, the incoming flow Reynolds number is low, and the
incoming flow temperature is low, helium and xenon are more easily separated. Meanwhile, the form
of the upstream elbow in the circular tube has no significant effect on the heat transfer within the tube.
Since the separation of helium and xenon mainly occurs in the near-wall region, heating causes helium
to accumulate at the wall, which instead suppresses thermal diffusion, resulting in a limited degree of
separation and no significant impact on the heat transfer within the tube.

Keywords: Helium-xenon gas mixture; Flow and heat transfer characteristics; Species transport; Ther-
mal diffusion
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Abstract: This paper proposes a cavity aperture coupling model based on the Kron’s method, which is
applicable for evaluating the internal shielding effectiveness (SE) or internal port coupling strength of
a rectangular cavity—featuring either rectangular or circular apertures under external electromagnetic
pulse incidence. Based on the waveguide propagation characteristics and aperture properties under
external incidence, a Kron-Branin topological model encompassing the interference source, aperture,
and cavity enclosure is established to formulate and solve the corresponding tensor equations. Further-
more, by integrating this approach with the Random Coupling Model (RCM), the method is extended to
predict the probability distribution of coupling voltages at internal ports when the cavity is in a wave-
chaotic state. Finally, a wave-chaotic cavity experimental platform was designed and constructed, with
experimental results validating the effectiveness of the proposed method.

Keywords: Aperture coupling ; High power microwave ; Kron’s method ; Random coupling model
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Abstract:

As the most widely used radionuclide globally for Single Photon Emission Computed Tomography
(SPECT), the stable supply of 99mTc is critically important for modern nuclear medicine. Currently,
clinical 99mTc in China primarily relies on generators prepared from imported fission-produced 99Mo.
As the main production reactors for 99Mo approach the end of their operational lives, the stability of
the global 99Mo supply faces significant challenges. To achieve self-sufficiency in medical isotopes
and fully utilize existing domestic reactor resources, this study focuses on key technologies for a novel
99Mo/99mTc generator based on neutron-activated, low-specific-activity 9Mo. The aim is to avoid the
fission technology route that uses enriched uranium as feedstock, overcome the technical bottleneck
of efficiently separating and purifying 99mTc from low-specific-activity 99Mo, and develop a produc-
tion process and fully automated engineering equipment compliant with Good Manufacturing Practices
(GMP). This research intends to provide a feasible solution for the autonomous, large-scale production
of 99mTc in China.

Through three batches of reactor irradiation experiments (with irradiation times of 3, 5, and 7 days,
respectively), the theoretical calculations and irradiation process parameters for natural MoO, and en-
riched **MoQ; targets were systematically investigated. Based on the results, the Mo yield and radioac-
tive impurities from the two irradiation routes were analyzed, leading to the selection of the irradiation
time and route for the engineering phase.

Activated carbon was selected for *’Mo/**"Tc separation studies. Stable rhenium (Re) isotopes, which
have similar chemical properties, were used as a surrogate for **™Tc to conduct systematic cold tests.
The influence of key parameters on Mo/Re separation efficiency was comprehensively investigated, in-
cluding initial solution pH, column aspect ratio, adsorption flow rate, eluent composition and volume,
and elution temperature. After determining the process route, cold tests achieved an Re recovery rate of
approximately 83%, and hot tests demonstrated an actual ***Tc recovery rate of 82.1%, with residual *’Mo
in the final product below the detection limit, preliminarily validating the technical feasibility. Based
on this, a first-generation automated separation prototype was developed. In scale-up experiments sim-
ulating the processing of 5 Ci of Mo, a **™Tc recovery rate of 81.7% was achieved, demonstrating its
engineering potential.

Subsequently, due to observed performance variability between batches of activated carbon, the research
explored the PEG resin separation system in greater depth. The study found that in a highly alkaline
environment of 5.0 mol/L NaOH, PEG resin exhibits exceptionally high selective adsorption capacity for
the *™Tc surrogate, present as ReO;. Optimal process conditions were established through systematic
column experiments, achieving a stable Re recovery rate above 94% in cold tests. In three hot tests
with varying *’Mo activities (2.3 to 8.7 mCi), the average **™Tc recovery rate exceeded 85%, and the
radionuclidic purity of the product fully met the required standards. Based on this core technology, a
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novel GMP-grade fully automated *’Mo/**™Tc separation and purification engineering prototype was
successfully designed and developed. Its operation is stable and reliable, with separation efficiency
consistently exceeding 85% and residual *’Mo in the product always below the detection limit.

During the engineering development and validation phase, after verifying the performance of the pro-
duction hot cell, key equipment (dose calibrator), and various modules of the automated prototype in
a Grade C cleanroom, three consecutive process performance validation runs were carried out using
the PEG resin process. The results showed an average **™Tc recovery rate of 84.7%. The final prod-
uct solution was a colorless, clear liquid, and its quality indicators—including pH, radionuclidic pu-
rity, radiochemical purity, sterility test, bacterial endotoxin content, and labeling synthesis efficiency—
all complied with the statutory standards of the Pharmacopoeia of the People’s Republic of China for
Sodium Pertechnetate [***Tc] Injection. This marks the successful translation of the laboratory process
to compliance with GMP standards.

Through this research, a novel engineering prototype of a *’Mo/**™Tc generator based on neutron-
activated ®’Mo was successfully established. The device has undergone engineering validation in a GMP
environment. Three consecutive batches of the product all met the standards of the Chinese Pharma-
copoeia. This system demonstrates clear prospects for industrialization. This study provides a practical
engineering solution to meet the diagnostic and therapeutic demands of nuclear medicine and ensure
the security of the medical isotope supply chain.

Keywords: Novel 9Mo-99mTc generator; low-specific-activity; Neutron activation; Activated carbon;
PEG resin; Engineering prototype
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Abstract: Since the beginning of the 21st century, the robust growth of the global economy has re-
lied on the stable supply of energy. With the proposal of China’s “30:60” dual carbon goals and the
formulation of the 15th Five-Year Plan, the share of clean energy in the overall energy mix has been ex-
panding continuously. As one type of clean energy, advancing the civilian application of nuclear power
contributes to carbon emission reduction, and the development of nuclear power plants constitutes a
critical approach for such implementation. The production of nuclear fuel relies on isotope separation

cascades.
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As a core piece of equipment in isotope separation cascade systems, compressors exert a pivotal influ-
ence on pressure stability, product enrichment and cascade efficiency during the separation process, and
their performance directly determines the economic efficiency of the entire separation plant.

Since the last century, compressor design methodology has gradually evolved from one-dimensional
design, two-dimensional flow design, and quasi-three-dimensional design to the current full three-
dimensional optimal design and simulation. To further improve the performance of compressors such as
efficiency and operating margin, optimization design is required for existing compressor schemes. Ex-
isting compressors are mainly categorized into positive displacement compressors and turbocompres-
sors, among which turbocompressors are further divided into reciprocating compressors, centrifugal
compressors and axial flow compressors. Reciprocating compressors deliver stable pressure but feature
small single-unit flow rate and are prone to generating pulsed airflow, requiring additional configura-
tion of pressure stabilization systems; centrifugal compressors feature high pressure ratio but a narrow
operating flow range; axial flow compressors enable large flow input and output but feature small single-
stage pressure ratio and a wide operating flow range.

Based on one-dimensional design, this study directly constructs three-dimensional moving blades and
conducts simulation calculations, aiming to provide empirical references for the subsequent research
and development of compressors.

Keywords: Axial flow compressor, numerical simulation
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Abstract: Quasi-zero-stiffness (QZS) vibration isolators offer a superior solution for low-frequency vi-
bration isolation; however, their application remains constrained by an inherent sensitivity to the sup-
ported load. To address this limitation, this paper proposes a novel QZS isolator comprising specifically
shaped curved-beams and integrated regulation mechanisms to achieve a continuously tunable rated
load. Through the synergistic regulation of the lateral displacement and the rotation angle at the curved-
beam boundaries, the isolator’s QZS characteristic can be reconfigured to accommodate arbitrary pay-
loads within a design range. The research first employs nonlinear finite element analysis to elucidate
the synergistic effects of boundary conditions on load-displacement characteristics of the curved-beam.
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Subsequently, a multi-objective optimization strategy is developed for designing the curved-beam, aim-
ing to satisfy the predefined load-tuning requirements while adhering to strength constraints. In the
optimization case presented herein, the isolator can be reconfigured to maintain QZS characteristics
across a payload range—as exemplified by an optimized design spanning 50% to 150% of the nominal
load. Nonlinear dynamic analysis is further conducted to evaluate the isolation performance under dif-
ferent boundary conditions and payloads, demonstrating the effectiveness of the synergistic regulation
in restoring system performance. Finally, a 3D-printed prototype was fabricated and validated through
comprehensive static and dynamic experiments. The results demonstrate that the isolator maintains a
consistent low cut-off frequency under three significantly different loads through the rated-load tuning
strategy. The proposed QZS isolator offers a compact and robust solution for high-performance passive
vibration control in complex engineering environments, with its QZS characteristic reconfigurability
ensuring practical viability in scenarios where precise payload prediction is challenging.

Keywords: Quasi-zero-stiffness isolator; Low-frequency vibration isolation; Nonlinear dynamics; Curved-
beam; Rated-load tuning; Boundary-condition regulation
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Abstract: This work reports the first search for sub-MeV fermionic dark matter absorption on electron
targets in germanium using 205.4 kg-day of data from the CDEX-10 C10B-Ge1 high-purity germanium
detector. Benefiting from a low analysis threshold of 160 eVee, the study probes fermionic dark matter
in the mass range of 0.1-10 keV/c? through the absorption process y + e* — v + e”. Signal models are
constructed for vector and axial-vector effective interaction operators. Germanium atoms are treated
as isolated atoms, and only the core-electron contributions from the K, L, and M shells are included,
leading to conservative signal predictions. The analysis uses the measured spectrum from 0.16 to 2.16
keVee and performs a x? fit including detector efficiency uncertainties and background components
from cosmogenic isotope L/M-shell x-ray peaks and Compton scattering of high-energy y rays. No
significant excess above the expected background is observed. Upper limits at 90% confidence level are
therefore derived using the Feldman-Cousins method. At a dark matter mass of 5 keV/c?, the obtained
limits on the interaction cross section are 6.8 x 10™** cm?® for the vector operator and 2.3 x 10™*° cm? for
the axial-vector operator. These results provide new constraints below 10 keV/c? and reach the lowest
fermionic dark matter mass region explored so far by direct detection experiments.

Keywords: fermionic Dark Matter, electron absorption, direct detection experiment, high purity ger-
manium detector

Page 121



2026 FE IR Z S HE LA RN IS / Book of Abstracts
BB/ 85
—f7E MARC KEX T HY Q EARAELFEE

Author: [F !
| TBERE L EY IR
Corresponding Author: 493034963@qq.com

FE: BAVFINIZR C-13 FERETR, BRy7 DUNGNESEGUSINA T [ M A AT, AR FE LR F (3R 70
BN ER, ET MARC BREIREIRE H 7 — A El S B 6 BAR B & BN TR L 5%, A
THRTF Q XU IERIM S ERE, B WS- AR AREEEL, RITEMETR S, XA
Mamdani f&/N-BRAHEEALH], SCIL TR RICE L o mEOI R REIE L, 1% REd shS A
TSR T, BRERTT TIRIRESONER, DS BN R, @IEARE 7 B A SE
FERTA LA E TRABUR AR, SRR, AT RIBEE L BIE B A BT B RESILE
SRR, ERIUM RAFEE R, TDUY Q EAATT ERRY M MR AR IR FURTHI LSRN, R =k UK

2R °

KRR BRAIPES]  Q 3R MARC 20k 5 AnstlifAl+

Abstract: The carbon isotope C-13 has broad application prospects in the fields of energy, medicine
and environment. This research aims at the separation of carbon isotopes and proposes an adaptive
relaxation factor optimization method based on the MARC model cascade and integrating the fuzzy
control algorithm, which is used to improve the convergence performance of the Q iteration process.By
constructing a Gaussian-triangular hybrid membership function, designing a fuzzy controller, and em-
ploying the Mamdani minimum-maximum reasoning mechanism, the intelligent optimization of the it-
erative process of the cascaded abundance distribution was achieved.This method effectively improves
the iterative convergence efficiency by dynamically adjusting the relaxation factor. Using carbon diox-
ide as the separation target, the validity of the model was verified through comparisons of different
separation stages and convergence accuracies.The results show that the numerical optimization algo-
rithm designed in this study not only has a good convergence acceleration effect, but also demonstrates
excellent robustness. It can provide new optimization strategies for the efficient solution of the Q itera-
tion method and improve the iteration efficiency.

Keywords: Fuzzy control; Q iteration; MARC cascade; relaxation factor

BRER /113
KBS B EH TR betatron 3BT TFRIEEL

Authors: /8%, 5!

Co-authors: & 2, X7 *; Z=(H !

' PALREBR BESE AT
PIEERF TR

Corresponding Authors: shengliang@nint.ac.cn, wangheng21@mails.tsinghua.edu.cn

TE: O &EEEF AP EBOLEINE, AILURGERHEmERNHE TR, MMmSE
215 betatron f&51 M EMAYATREME, AR A EPOCH 8L T KA EIX SN B 17 i ™ 4= i RE FE T
RO BT HRAR 7 AE R X B2k, X STERAYPK SR B 59X O R sE EEAE 2, Rt SR KRB
FERTAREAE 30 KR LINEE =8 X Sk, BRFERI, SBINSEE A% E —RIE 0 T =8I
T X SERAVEA . ANSON P T O IRENIN A R RN A1) X SRR AR, AFFTRIA, 15—
i};%;ﬂ%{/ﬁigﬁ%%%ﬁﬂﬁ? X SRR S, ARFL AT LUNHEE KRB AR S X G4k
/AR ';,ﬁ NS o

FKER: BOCFE TR, XHE, Kl

Page 122



2026 TR BRI LFBEE E A RIRIE / Book of Abstracts

Abstract: Laser wakefield acceleration in high-density plasma can produce elec-tron beams with higher
charge, thereby enhancing the yield of betatron radiation. In this study, the EPOCH code was employed
to simulate the generation of high-energy electron beams via femtosecond laser-driven wakefield accel-
eration, as well as the Xray emission resulting from electron beam oscillations. The pulse duration of
the generated X-rays is comparable to that of the driving laser, enabling the generation of high-yield
X-rays with a time scale of less than 30 femtoseconds in a single shot. It was found that, under normal
conditions, increasing the plasma density leads to a larger divergence angle of the emitted X-rays. More-
over, we compare the X-ray generation processes when lasers interact with different target materials.
The results show that, within a certain range, an increase in atomic number contributes positively to
the X-ray yield. This study may offer valuable insights for the development of femtosecond laser-driven
X-ray sources.

Keywords: Laser plasma, X ray, Particle-In-Cell simulation
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Abstract: Implementing rapid and accurate fault diagnosis is crucial for ensuring nuclear safety. To
address the limitation of existing random forest methods that fail to fully utilize the “type—severity”
correlation information in fault diagnosis of nuclear power plants, four collaborative diagnosis mod-
els integrating classification and regression with random forests are established for identifying both
fault types and severities in nuclear power plant systems. The performance of these four models is
compared and evaluated using fault simulation data. The test results show that all four proposed classi-
fication—regression integrated random forest methods can achieve collaborative diagnosis of fault types
and severities. Among them, the hierarchical regression model demonstrates better robustness, with
diagnostic accuracy significantly superior to the other methods.

Keywords: Nuclear power plant; Fault diagnosis; Classification-regression fusion ; Random forest; Hi-
erarchical regression; Conditional regression; Multi-task learning
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Abstract: Laser wakefield acceleration in high-density plasma can produce elec-tron beams with higher
charge, thereby enhancing the yield of betatron radiation. In this study, the EPOCH code was employed
to simulate the generation of high-energy electron beams via femtosecond laser-driven wakefield accel-
eration, as well as the Xray emission resulting from electron beam oscillations. The pulse duration of
the generated X-rays is comparable to that of the driving laser, enabling the generation of high-yield
X-rays with a time scale of less than 30 femtoseconds in a single shot. It was found that, under normal
conditions, increasing the plasma density leads to a larger divergence angle of the emitted X-rays. More-
over, we compare the X-ray generation processes when lasers interact with different target materials.
The results show that, within a certain range, an increase in atomic number contributes positively to
the X-ray yield. This study may offer valuable insights for the development of femtosecond laser-driven
X-ray sources.
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