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ABOUT PIQM 2026

The school focuses on molecular simulations based on the path integral formulation of
guantum mechanics, which relies on the isomorphism between the partition function
of a quantum system and a fictitious classical system of ring polymers. Since the early
pioneering work on Path Integral Molecular Dynamics and Monte Carlo, significant
progress has been made, e.g., Centroid or Ring Polymer Molecular Dynamics that can
approximate quantum response properties such as diffusion coefficients, reaction
rates, and spectra. These methods have been applied more widely in recent years,
thanks to the development of highly efficient algorithms to include important nuclear
qguantum effects, such as delocalization, zero-point energy, and tunneling in molecular
simulations. Many of them have been implemented in the open-source software i-PI
and are used routinely by a global community of computational chemists, physicists,
and material scientists, which has grown substantially in the past 15 years.

CECAM has previously supported several advanced Schools (2012, 2016, 2018, 2021,
2023) on path integral quantum mechanics, which helped train a young generation of
graduate students and early career researchers in this expanding field. Different from
previous events, PIQM 2026 emphasizes path-integral simulations in the context
of Machine Learning advancements. The field is currently being revolutionized
by algorithms that describe interparticle interactions to significantly accelerate
simulations, introducing new paradigms that are potentially reshaping future path-
integral methodologies.

DATE: July 19 - 23, 2026

VENUE: Fudan University, Jiangwan Campus

ADDRESS: 2005 Songhu Road, Yangpu District, Shanghai, China
WEBSITE: www. p1gqm2026.0rg
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TOPICS

Path Integrals Methods

Quantum Rate Theories

Semiclassics Methods

Machine Learning & Applications

Beyond Path Integrals




PROGRAM

Sun July 19, 2026

10:30 — 14:00 Registration

14:00 - 15:00 Ab initio PIMD & Accelerated PIMD
Michele Ceriotti

15:00 - 15:30 Path Integral Metadynamics
Michele Ceriotti

15:30 - 16:00 Coffee break

16:00 - 17:.00 RPMD & CMD
George Trenins

17:00 - 18:00 Path Integral Coarse-Graining
Jing Shen

Conference WiFi
The Wi-Fi is available at the venue during the conference.

SSID: (to be announced) Username: jgxxsdzdljj Password: LetsrunPIMD
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PROGRAM

Mon July 20, 2026

8.30

9:00 - 910

Registration

Opening Remarks

Path Integral Methods Chair: Dong Hui Zhang

910 - 9:45

9:45 - 10:20

10:20 - 10:50

Economised Path Integrals
David Manolopoulos

Matsubara Dynamics and its Approximations
Stuart Althorpe

Coffee break

Path Integral Methods Chair: Mark Tuckerman

10:50 - 11:25

11:25 -12:00

12:00 - 13:30

PIMD Simulations of Bulk Water and Methane Hydrate with Highly Accurate Neural
Network Potentials
Dong Hui Zhang

Quantum Dynamics of Hydrogen in Metals and Brownian Chain Molecular Dynamics
Motoyuki Shiga

Lunch

Path Integral Methods Chair: David Manolopoulos

13:30 - 14:05

14:05 - 14:40

14:40 - 1515

15115 - 15:35

16:35 -16:05

16:05 - 17:05

17:05 - 17:40

18:00 - 21:00

Paths and Braids: Topological Algorithms for Path Integral Quantum Dynamics
Mark Tuckerman

Fermion Sign Problem and Lee-Yang Phase Transition Theory
Xin-Zheng Li

Bosonic Ring Polymer Molecular Dynamics
Barak Hirshberg

Imaginary Time Path Integral for Fictitious Identical Particles
Yunuo Xiong

Coffee break

Indistinguishable Particles
Barak Hirshberg

Building your path integral simulations

Poster Session (with beer & refreshments)



PROGRAM

Tue July 21, 2026

8:30 Registration

Path Integral Methods Chair: Eli Pollak

9:00 - 9:35 Poissonization of Quantum Dynamics and Applications
Jiushu Shao

9:35 - 9:55 Electronic Path-Integral Normal Modes of Mapping Representations for
Nonadiabatic Dynamics
Lauren Cook

9:55 - 10:30 Exact Tunneling Splittings from Rotationally Projected Path-Integral Sampling
Yu-Cheng Wang

10:30 - 11:00 Coffee break

Path Integral Methods Chair: Jiushu Shao

11:00 - 11:35 A Hybrid Quantum Path-Integral Approach to Thermal Correlation Functions
Nandini Ananth

11:35 - 11:55 Non-adiabatic Molecular Simulations with Path Integral Monte Carlo
Michael Hutter

11:55 - 12:30 Path Integral Methods Session General Discussion

12:30 - 14:00 Lunch

Semiclassics Chair: Qiang Shi

14:00 - 14:35 Improving Semiclassical Estimates of Rate Theory and Energy Quantization
Eli Pollak

14:35 - 15:10 The Semiclassical Way to Path Integral
Michele Ceotto

1510 - 15:45 Semiclassical Vibronic Spectroscopy with New Initial Value Representation Techniques
Jia-Xi Zeng

15:45 -16:15 Coffee break

Semiclassics Chair: Nandini Ananth

16:15 - 16:35 Herman-Kluk-like Semi-classical Initial-value Representation for Boltzmann Operator
Peng Zhang

16:35 - 1710 Semiclassical Methods for Photoinduced Charge Transfer
Xiang Sun

1710 - 17:45 Semiclassics Session General Discussion

17:45 - 21:.00 Conference Dinner




PROGRAM

Wed July 22, 2026

Quantum Rate Theory Chair: Yi Zhao

9:00 - 9:35 Instanton Theory for Calculating Tunnelling Splittings and Adiabatic Rate Constants
Marit Fiechter

9:35 -10:10 Instanton Theory of Nonadiabatic Tunnelling
Eric Heller

10:10 - 10:30 Atomistic Nonadiabatic Reaction Rates from Mean-Field Path Integrals
Siyu Bu

10:30 - 11:00 Coffee break

Quantum Rate Theory Chair: Yi Zhao

11:00 - 11:20 A New Path Integral Transition State Theory
Amira Geuther

11:20 - 11:55 Memory Matters: Friction in Path-Integral Rate Calculations
George Trenins

11:55 - 12:30 Quantum Rate Theory Session General Discussion

12:30 - 14:00 Lunch

Machine Learning & Applications Chair: Xin-Zheng Li

14:00 - 14:35 Learning from Experiments with a Quantum Ensemble of Latent Features
Michele Ceriotti

14:35 - 1510 Quantum-State Resolved Dynamics for Complex Reactions Based on Fundamental
Invariant-Neural Network (FI-NN) Potential Energy Surfaces
Bina Fu

15:10 - 15:45 Applications of PIMD in studying complex aqueous systems
Jinggang Lan

15:45 - 16:15 Coffee break

Machine Learning & Applications Chair: Michele Ceriotti

16:15 - 16:50 Machine Learning Potentials at Coupled Cluster Accuracy For Nuclear Quantum
Effects In Aqueous Systems
Christoph Schran

16:50 - 17:25 Unconventional Superconductivity from Lattice Quantum Disorder
Yu-Cheng Zhu

17:25 - 17:45 Quantum Annealing for Materials
Alfredo Fiorentino

17:45 - 18:05 Divergence of Semiclassical Expansions: Restoring Spatial Coherence in Density
Functional Theory
Yi Shi



PROGRAM

Thu July 23, 2026

Machine Learning & Applications Chair: Stuart Althorpe

9:00 - 9:35

9:35 -10:10

10:10 - 10:45

10:45 - 11115

Beyond Path |
11115 - 11:50

1150 -12:25

12:30 - 14:00

Machine Lear
14:.00 - 14.20

14.20 - 14:40

14:40 - 1515

16:15 - 156:30

How Far Can We Coarse-Grain?
Zakariya El-Machachi (on behalf of Prof. Cecilia Clementi)

Rigorous Quantum Thermodynamics from Entropic Path Integral Coarse-Graining
Wei Fang

Machine Learning & Applications General Discussion

Coffee break

ntegrals Chair: Michele Ceotto

Stochastic Schrodinger Equation for Carrier Dynamics in Organic Semiconductors
Yi Zhao

Memory Kernel Coupling Theory to Quantum Dynamics
Wenijie Dou

Lunch

ning & Applications Chair: Xiao Zheng

The Quantum Nature of Non-Equilibrium Proton Transfer — a Full-Wavefunction
Dynamics Study
Luhao Zhang

Nuclear Quantum Effects as a Denoising Problem
Weizhou Wang

Decoding Water from Potentials to Vibrational Spectra
QiYu

Ending remarks




SHUTTLE BUS SCHEDULE

July 19 Sun 13:30 Hotel — Venue
July 20 Mon 08:20 Hotel — Venue
July 20 Mon 17:45 Venue — Hotel
July 21Tue 08:30 Hotel — Venue
July 21 Tue 17:45 Venue — Dinner Venue
July21Tue 21:00 Dinner Venue — Hotel
July 22 Wed 08:30 Hotel — Venue
July 23 Thu 08:30 Hotel — Venue
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CANTEEN

Voucher Instructions

« Lunch will be available at the canteen on all four conference days, July 20-23.

» Each voucher may be used once for purchases of up to RMB 30 at a single

food counter.

» Food counters marked in grey do not accept conference vouchers.

» Regular vouchers cannot be used at halal food counters.

» Cash, mobile payments, and other forms of payment are not accepted.
= Vegetarian and kosher meals should be collected on the third floor (3F).

1F

A Chinese Northwest-Style Fast Food
(Halal)

B Chinese Northwest-style Stir-Fries
(Halal)

C Chinese Northwest-style Hand-pulled
Noodles (Halal)

D Sliced beef tenderloin rice noodles
E Sichuan-style Kitchen

’i Jiangnan Dim Sum

G Teppanyaki & Barbecue

H Spicy Hot Pot

‘ Specialty Stir-Fries

2F
A Iron Pot Braised Noodles

B Fast Food

C Stir-Fries

D Specialties

E Cantonese roasted & Marinated delights

’: Western Casual Meal

G
H

3F
B Chinese noodles
C Topped Rice
D Snacks and Sweet soup
E Peking Duck

F Cold Dishes




DINING AND

DAILY ESSENTIALS

The following nearby stores offer snacks, drinks, packaged food, ready-to-eat
meals, and daily necessities. Their approximate locations are marked on the map
on page 11.

FamilyMart == FamilyMart
Location: Just inside Gate 2 of Fudan University, Jiangwan Campus.

FamilyMart
Location: B2 level of UFUN Shopping Mall (B2 level), near metro station.

Freshippo Supermarket &5

FRESHIPPO

Location: B1 level of UFUN Shopping Mall.

Vegetarian restaurant option nearby:

Wushu Shangjiao (54 1R)
Vegetarian Chinese Cuisine & Dumplings
Address: 177 Guo'an Road

Halal restaurant options nearby:
KAXKAR Tami (EXHEER)
Halal Xinjiang Cuisine & BBQ
Address: 678 Yinhang Road

Asa (fafErR 7R HHE)
Halal Middle Eastern Cuisine
Address: Room 1213, Building C, Wanda Plaza, No. 189 Zhengtong Road



ABSTRACT

Invited Speakers
(alphabetic order)

Matsubara Dynamics and its Approximations

Stuart C. Althorpe
Yusuf Hamied Department of Chemistry, University of Cambridge, Cambridge, UK.
* scal@@cam.ac.uk

Matsubara dynamics is the rigorous semiclassical limit underpinning path-integral dynamics methods
such as ring-polymer molecular dynamics (RPMD) and centroid molecular dynamics (CMD). This talk
will show how Matsubara dynamics arises from exact quantum dynamics by smoothing the imaginary-
time Feynman paths (ring polymers). We will be upfront about the practical shortcomings of Matsubara
dynamics (it has a massive phase problem that makes it impossible to simulate!) and show how the
various practical path-integral methods (RPMD, CMD, QCMD, etc.) approximate Matsubara dynamics
by averaging out the phase. If time permits, we will also discuss some recent applications of Matsubara
dynamics to quantum rate theory.

[1] Althorpe, S.C. Eur. Phys. J. B, 2021, 94, 155.
[2] Trenins, G.; Willatt, M.J,; Althorpe, S.C. J. Chem. Phys,, 2019, 151, 054109.

A Hybrid Quantum Path-Integral Approach to Thermal

Correlation Functions

Nandini Ananth
Department of Chemistry and Chemical Biology, Cornell University, Ithaca, NY 14853

Real-time thermal correlation functions are challenging to compute for condensed-phase systems. While
path-integral Monte Carlo (PIMC) methods have been highly successful in describing the dynamics of
low- dimensional systems coupled to dissipative environments, extending these approaches to larger
quantum systems is limited by the cost of evaluating short-time propagator matrix elements.

In this talk, | introduce the hybrid Path Integral Monte Carlo (hPIMC) method, which combines classical
path-integral sampling with a quantum algorithm for evaluation of the short-time propagator matrix
elements [1]. After briefly reviewing the foundations of classical PIMC and quantum simulations on
spin-based hardware, | show how we can leverage these ideas to build a hybrid quantum algorithm.
The resulting hPIMC algorithm em- ploys Probabilistic Imaginary-Time Evolution (PITE) to treat the
imaginary-time component of the propagator and a grid-based Discrete Variable Representation (DVR)
approach to simulate kinetic-energy evolution. | dis- cuss the scaling of the method and its application
to real-time thermal correlation functions in condensed-phase systems, and show that hPIMC achieves
an asymptotic quantum speedup over classical PIMC.

[1] E. Eklund and N. Ananth, Digit. Discov. 5, 2759 (2026).




ABSTRACT

Invited Speakers

The Semiclassical Way to Path Integral

Michele Ceotto
Dipartimento di Chimica, Universita degli Studi di Milano, via Golgi 19, 20133, Milano
* michele.ceotto@unimi.it

The semiclassical approximation for the quantum propagator is introduced by approximating the path
integral expression. This approximation, called semiclassical initial value representation (SCIVR), is
implemented for spectroscopic calculations, [1,2,3] including IR spectra and vibrational eigenfunction
representation. Several applications, ranging from gas to gas-surface and liquid phase will be
presented. [4,5]

In the second part of the talk the semiclassical approximation is applied to reaction rate constant
calculations. Specifically, the semiclassical transition state theory approximation (SCTST) will be
recalled. | will show how SCTST can be implemented at CCSD(T) level of electronic structure theory.
This implementation allows us to estimate how heavy atoms are affecting tunneling. Then, | will present
SCTST condensed phase applications and show that solvent may be a factor in tunneling. [6]

In the third and last part of the talk, | will present a new semiclassical non-adiabatic method based on
thawed Gaussian wavepacket dynamics. [7]

9-8188 (2024);
G. Mandelli, C. Aieta, M. Ceotto, Chem. Sci. 17, 448 (2026)

]
]
]
0
] D. Moscato, G. Mandelli, M. Bondanza, F. Lipparini, R. Conte, B. Mennucci, M. Ceotto, /. Am. Chem. Soc. 146 (12),
7
1
1 L. Bocchi, J.-X. Zeng, M. Ceotto, . Chem. Phys. (submitted).

Learning from Experiments with a Quantum Ensemble of

Latent Features

Michele Ceriotti
Institute of Materials, EPFL
* michele.ceriotti@epfl.ch

Predicting NMR chemical shifts from first principles, and then using the measurements to improve
the prediction, is a natural goal for machine learning in the physical sciences, and one that NMR
crystallography puts directly to the test.

The standard workflow compares shieldings computed for static structures against experiment, but
ignoring the thermal and quantum motion of the nuclei badly distorts the result for hydrogen-bonded
protons.

In this talk I'll describe how a learned shielding model represents each structure through a set of latent
features, then averages them over a quantum ensemble sampled with a transferable machine-learning
potential. This roughly halves the disagreement with experiment for protons, and lets us fine-tune those
same features directly against measured shieldings, reducing further the error beyond what can be
achieved based on approximate electronic-structure techniques.



ABSTRACT

Invited Speakers

How Far Can We Coarse-Grain?

Cecilia Clementi
Freie Universitat Berlin
* cecilia.clementi@fu-berlin.de

Coarse-graining is a well-established process for reducing degrees of freedom, making long-timescale
and complex many-body simulations tractable. This approach has yielded numerous success stories
across varying domain sizes, bridging the gap from modeling biomolecules to density functional theory
(DFT). This talk will highlight three specific applications of this philosophy: a transferable coarse-grained
model for proteins, the temperature-elevated path integral coarse-grained simulation (Te-PIGS) protocol,
and how machine learning interatomic potentials (MLIPs) can account for long-range interactions using
global message passing.

Memory Kernel Coupling Theory to Quantum Dynamics
Wenjie Dou
Westlake University

Time correlation functions (TCFs) are fundamental quantities governing transport coefficients, optical
spectra, and chemical reaction rates. However, accurately calculating TCFs for complex quantum
systems remains a major computational challenge because conventional approaches generally require
propagating the full quantum dynamics. We developed Memory Kernel Coupling Theory (MKCT), a new
framework for directly computing time correlation functions from higher-order moments. Rather than
explicitly propagating projected dynamics, MKCT decomposes the memory kernel into a hierarchy of
auxiliary kernels governed by linearly coupled equations. This formulation requires only a single steady-
state calculation, making the computational cost largely independent of system size. Benchmark on both
bosonic and fermionic open quantum systems demonstrate that MKCT reproduces numerically exact
results. Because MKCT is not restricted to Gaussian environments or linear system-bath couplings, it
establishes a broadly applicable framework for studying quantum dynamics in realistic systems.




ABSTRACT

Invited Speakers

Rigorous Quantum Thermodynamics from Entropic Path

Integral Coarse-Graining

Wei Fang
Department of Chemistry, Fudan University, Shanghai, 200438, P. R. China
* wei_fang@fudan.edu.cn

Nuclear quantum effects (NQEs) are essential for isotope effects, tunnelling, and quantum
thermodynamics, but their rigorous treatment by imaginary-time path-integral methods remains costly
for complex molecular systems. | will present entropic path-integral coarse-graining (EPIGS), a framework
that replaces explicit imaginary-time replica sampling with a learned quantum effective potential. The
key idea is to encode quantum Boltzmann statistics through the free energy of the path-integral centroid
and its derivatives with respect to temperature and nuclear mass, which correspond to centroid entropy
and quantum kinetic energy. This is enabled by two advances. First, an instanton-based free-energy
perturbation scheme makes these quantities accessible at practical cost. Second, a neural-network
architecture treats temperature and nuclear masses as explicit inputs and is trained jointly on the
effective potential, entropy, and kinetic energy, enabling temperature- and isotope-transferable quantum
effective potentials. Classical MD on EPIGS potentials then yields rigorous quantum thermodynamic
properties at near-classical computational cost. Benchmarks on hydrogen-bonded systems, including
liquid water, show sub-meV/atom agreement with full path-integral simulations for quantum free
energies and enthalpies. EPIGS opens the door to large-scale simulations of NQEs and isotope effects
in complex systems that remain beyond routine path-integral simulations.

[1] https://arxiv.org/abs/2602.18821

Instanton Theory for Calculating Tunnelling Splittings and

Adiabatic Rate Constants

Marit R. Fiechter
Department of Chemistry and Applied Biosciences, ETH Ziirich, Switzerland
* marit.fiechter@phys.chem.ethz.ch

Instanton theory forms an efficient approximation to path-
integral quantum mechanics, and has proven highly useful
for capturing quantum nuclear effects in a range of molecular
systems. In my talk, | will lay out the basics of instanton
theory, with a focus on the calculation of tunnelling splittings
and adiabatic reaction rate constants [1]. | will then talk
about recent developments, e.g. the extension of tunnelling
splitting calculations to asymmetric double-well system [2],
tunnelling in strong electric [3] or magnetic fields, and the
relation between tunnelling frequencies and rates [2].

[1] Richardson, J. O. International Reviews in Physical Chemistry,
2018, 37(2), 171-216.

[2] Fiechter, M.R.; Laude, G.; Richardson, J.O. Journal of Chemical Physics, 2026, 164(12), 124115.
[3] Geuther, J. A,; Fiechter, M. R,; Richardson, J. O. Molecular Physics, 2026, €2636087.




ABSTRACT

Invited Speakers

Quantum-State Resolved Dynamics for Complex Reactions
Based on Fundamental Invariant-Neural Network (FI-NN)

Potential Energy Surfaces

Bina Fu

State Key Laboratory of Chemical Reaction Dynamics, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian

* bina@dicp.ac.cn

State-resolved complex molecular dynamics theory is crucial for understanding phenomena in fields
such as interstellar atmospheres and combustion chemistry. However, due to limitations in theoretical
methods, high-precision, quantum state-resolved dynamics studies were traditionally confined to
systems with low electronic states and a few atoms. We have developed an efficient and accurate
Fundamental Invariant-Neural Network (FI-NN) potential energy surface construction method,
which has advanced state-resolved dynamics research to reaction systems involving more than
10 atoms. Through excited-state potential energy surface construction and state-resolved dynamics
methods, combined with experimental collaboration, we discovered the first roaming mechanism in
molecular high-excited-state dissociation, offering a new perspective for understanding and predicting
photochemical reactions. Furthermore, we identified unique collision-induced roaming mechanisms
in complex molecular reactions, providing theoretical insights for the development and refinement of
theoretical models.

‘I [1] Z. Li, Y. Fu, B. Fu*, K. Yuan*, D. H. Zhang, X. Yang,
ramng » | etal Science, 383, 746 (2024).
NN [2] Y. Liu, L. Liu, B. Fu*, W. Dong*, D. H. Zhang*, X.
A ~\ Yang*, et al. Nat. Chem., 17, 897 (2025),
“ es| [3]Y.Bai Y. Fu, Y. Han, D. H. Zhang et al, B. Fu*, Nat.
e | Commun., 16,2732 (2025).
[4] B. Fu*, D. H. Zhang* Natl. Sci. Rev., 10, nwad321
(2023).
! [5] L. Liy, Y. Fu, D. H. Zhang et al, B. Fu*. J. Phys.
0 2000 4000 6000 8000 10000 12000 14000 Chem. Lett,, 16, 460 (2025).

E¢/cm?

Bosonic Ring Polymer Molecular Dynamics
Barak Hirshberg

Tel Aviv University
* hirshb@tauex.tau.ac.il

We presenta method for approximating real-time correlation functions and quantum transport coefficients
of bosonic condensed phases. The direct evaluation of quantum time correlation functions in the path
integral formulation is impossible due to a severe dynamical sign problem. Evaluating imaginary-time
correlation functions and inverting them using analytic continuation is famously ill-posed. Ring polymer
molecular dynamics (RPMD) provides an alternative approach resulting in accurate approximations for
real-time correlation functions of condensed phases but neglects exchange effects. In this work, we
develop a bosonic RPMD method, which is exact in the harmonic, short time, and high temperature
limits. A critical enabling observation is that the Kubo-transformed correlation function for bosons is
real only when the correlated observables are symmetric under exchange. We benchmark the method
on harmonic and anharmonic model systems and then use it to directly obtain the Lieb-Liniger gas
density-density real-time correlation functions at various temperatures and momentum transfers. This
work enables the direct simulation of finite-temperature, real-time dynamics of large bosonic condensed

phases while accounting for exchange effects for the first time.



ABSTRACT

Invited Speakers

Instanton Theory of Nonadiabatic Tunnelling

Eric R. Heller

Department of Chemistry, University of California, Berkeley, 94720 Berkeley, USA
Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, USA

Nuclear quantum effects shape many chemical reactions, especially when light atoms such as hydrogen
are transferred. Most theoretical studies of such effects rely on the Born-Oppenheimer approximation,
assuming that the reaction occurs on a single electronic state. Particularly in photo- and electrochemistry,
however, nonadiabatic reactions involving changes in both molecular geometry and electronic state are
ubiquitous. While Marcus theory provides a foundational description of nonadiabatic rate processes,
its classical treatment of nuclear motion can lead to substantial inaccuracies when molecularscale
tunnelling is important. A fully quantum-mechanical treatment of realistic molecular systems, meanwhile,
remains computationally infeasible [1].

In this talk, | will present recent progress in the development and application of golden-rule instanton
theory: a rigorous semiclassical approximation to the exact path-integral expression for the golden-
rule rate [2,3]. The theory predicts tunnelling rates from the optimal imaginary-time path, or instanton,
connecting reactant and product electronic states. This provides an intuitive picture of the reaction
mechanism in terms of a classical trajectory travelling beneath the potential-energy barrier (see
Fig. 1). It will be shown that tunnelling in nonadiabatic reactions can qualitatively change reaction
mechanisms and lead to rate enhancements by many orders of magnitude, especially in the inverted
regime. This enables room-temperature tunnelling even of heavy atoms such as carbon, nitrogen, and
oxygen. The resulting instanton rates agree closely with exact quantum-mechanical benchmarks for
model systems, while coupling the method to multireference electronic-structure calculations leads to
quantitative agreement with matrix-isolation and laser experiments [4]. Recent extensions of instanton
theory to reactions through conical intersections and competing reaction mechanisms further broaden
this picture [5]. Together, these developments challenge the common expectation that tunnelling is
relevant mainly for hydrogen transfer or cryogenic chemistry, suggesting that heavy-atom tunnelling
in nonadiabatic reactions may be far more prevalent than previously anticipated, even under ambient
conditions.

Vi

Ii €T Ii

Figure 1: Reactant (V) and product (V;) potentials with instantons in the normal (a) and inverted (b) regimes consisting of one
path on each potential (dark colours). The insets show the change of the molecular configuration due to tunnelling along the
instantons. (c) Conical intersection mediating a charge transfer, along with several competing instantons.

[1] J. O. Richardson, J. Phys. Chem. Lett, 15, 7387-7397 (2024).

[2] E. R. Heller and J. O. Richardson, J. Chem. Phys. 152, 034106 (2020).

[3] . M. Ansari, E. R. Heller, G. Trenins and J. O. Richardson, Phil. Trans. R. Soc. A 380, 20200378 (2022).
[4] E. R. Heller and J. O. Richardson, J. Am. Chem. Soc. 143, 20952-20961 (2021).

[5] W. Fang, E. R. Heller and J. O. Richardson, Chem. Sci. 14, 10777-10785 (2023).



ABSTRACT

Invited Speakers

Applications of PIMD in Studying Complex Aqueous

Systems

Jinggang Lan

Shenzhen University of Advanced Technology
* jinggang.lan@suat-sz.edu.cn

Nuclear quantum effects (NQEs) play an essential role in determining the structure, dynamics, and
reactivity of complex aqueous systems. In this talk, | will present recent advances in applying first-
principles and machine-learning-accelerated path-integral molecular dynamics (PIMD) to study metal-
water interfaces and solvated electrons. These simulations reveal how quantum fluctuations govern
hydrogen-bond networks, proton transfer, and spectroscopic signatures beyond the reach of classical
molecular dynamics. The combination of PIMD with machine learning has made quantum simulations
of realistic aqueous systems computationally practical, providing new insights into electrochemical and
solvation phenomena.

Fermion Sign Problem and Lee-Yang Phase Transition
Theory

Xin-Zheng Li

School of Physics, Peking University, P. R. China.

* xzli@pku.edu.cn

To simulate indistinguishable particles, recent studies of path-integral molecular dynamics formulated
their partition function Z as a recurrence relation involving a variable § with § = 1(-1) for bosons
(fermions) [1-3]. Inspired by Lee-Yang phase transition theory, we extend ¢ into the complex plane
and reformulate Z as a polynomial in & [4]. By analyzing the distribution of the partition function zeros,
we gain insights into the analytical properties of indistinguishable particles, particularly regarding the
fermion sign problem (FSP). We found that at 0K, the partition function zeros for N particles are located
at & =-1,-1/2, -1/3, .., =1/(N - 1). This distribution disrupts the analytic continuation of thermodynamic
quantities, expressed as functions of § and typically performed along § = 1 = 1, whenever the paths
intersect these zeros. Moreover, we highlight the zero at £ = -1, which induces an extra term in the free
energy of the fermionic systems compared to ones at other { = e/ values. If a path connects this zero to
a bosonic system with identical potential energies, it brings a transition resembling a phase transition.
These findings provide a fresh perspective on the successes and challenges of emerging FSP studies
based on analytic continuation techniques.

[1] On the thermodynamic properties of fictitious identical particles and the application to fermion sign problem, J.
Chem. Phys., 157, 094112, 2022, Y. N. Xiong, H. W. Xiong.

[2] Thermodynamics of fermions at any temperature based on parametrized partition function, Phys. Rev. E, 107,
055308, 2023, Y. N. Xiong, H. W. Xiong.

[3] Fermionic physics from ab initio path integral Monte Carlo simulations of fictitious identical particles, . Chem.
Phys., 159, 164113, 2023, T. Dornheim, P. Tolias, S. Groth, Z. A. Moldabekoy, J. Vorberger, B. Hirshberg.

[4] Fermion sign problem and the structure of Lee-Yang zeros: The form of the partition function for indistinguishable
particles and its zeros at 0 K, Phys. Rev. E, 113, 024115, 2026, R. C. He, J. X. Zeng, S. Yang, C. Wang, Q. J. Ye, X. Z. Li.



ABSTRACT

Invited Speakers

Economised Path Integrals

David Manolopoulos
Department of Chemistry, University of Oxford

The Hessian of the ring polymer spring potential in the standard Trotter path integral is a symmetric
circulant matrix. Since all such matrices have the same eigenvectors (bead to normal mode transformation
vectors), the Trotter path integral is not the only possibility that is consistent with the cyclic permutation
and inversion symmetries of the beads of the ring polymer necklace: one is free to change the frequencies
of the internal modes while keeping their eigenvectors the same. This freedom can be exploited by
optimising the normal mode frequencies to fit the exact (P - o) quantum mechanical radii of gyration
of harmonic ring polymers with frequencies in the range 0 < W < Wy, Where w,,, is the maximum
physical frequency of interest. A similar idea has been used recently by Hunt and Althorpe to develop
an improved hierarchical equations of motion method for open system quantum dynamics [A. C. Hunt
and S. C. Althorpe, J. Chem. Phys. 164, 084113 (2026)], but the details here are somewhat different. The
optimisation involves solving a simple least squares problem for the optimum (economised or “eco”)
internal mode frequencies by nonlinear regression (or “machine learning”). This only has to be done
once at the beginning of the calculation and it takes at most a few seconds of computer time. The
remainder of the calculation then proceeds in exactly the same way as a Trotter path integral calculation.
One can continue to use standard estimators for observables such as the centroid virial kinetic energy
estimator, and the method can be used to calculate dynamical properties as well as static properties
(for example by replacing PIMD with RPMD). Example applications to hexagonal ice at 100 K show
that the convergence of the eco path integral with increasing P is comparable to that of the 4th order
Suzuki-Chin path integral, but with purely 2nd order Trotter effort. There is no need to calculate the
projected Hessians that arise in the Suzuki—Chin path integral by finite differences, there is no need to
develop any new estimators, and once the eco frequencies have been calculated the implementation of
the eco path integral boils down to changing a single line of a Trotter path integral code.

Improving Semiclassical Estimates of Rate Theory and

Energy Quantization
Eli Pollak

Chemical and Biological Physics Department, Weizmann Institute of Science, Israel.

The two fundaments of semiclassical theory are the semiclassical quantization rule of Brillouin, Wentzel,
and Kramers on the one hand, and the semiclassical transmission probability through barriers as put
forth by Gamow and Kemble on the other. They have survived almost a century of study and applications,
yet both have shortcomings. As shown by Schatz in 1979, the BWK (also known as WKB) rule and its
multidimensional generalization (EBK quantization) do not agree with second-order perturbation theory.
The Kemble expression predicts that the transmission probability through a barrier is 1/2 whenever the
incident energy is at the barrier height. This half point rule is incorrect, as may be seen from analytic
solutions for Eckart and square barriers. At high temperatures, thermal reaction rates are typically
greater than predicted by most semiclassical theories.

In this talk, | will present a rather simple correction to the semiclassical theory,based on second order
vibrational perturbation theory, which answers these challenges. Results will be presented for the
collinear hydrogen exchange reaction as well as semiclassical quantization of a non-rotating water
molecule. The resulting theories are amenable to on-the-fly computations and do not demand averaging
over many trajectories.
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Machine Learning Potentials at Coupled Cluster Accuracy

for Nuclear Quantum Effects In Aqueous Systems
Christoph Schran

Department of Physics, University of Cambridge

Predictive simulation of aqueous systems demands two ingredients that are hard to reconcile: an
accurate potential energy surface and a faithful treatment of nuclear quantum effects. We describe
how machine learning potentials trained towards coupled cluster accuracy allow both to be addressed
together across a range of aqueous systems.

We begin with liquid water for which we have recently achieved coupled cluster accuracy while
accounting for nuclear quantum effects, before turning to the solvation of ions and to the solvated
proton in water.

Taking a deliberately pedagogical view, we also assess approximate path integral dynamics for complex
floppy systems to give some recommendations on predicting infrared spectra.

Quantum Dynamics of Hydrogen in Metals and Brownian

Chain Molecular Dynamics

Motoyuki Shiga
Computational Science & e-Systems, Japan Atomic Energy Agency, Kashiwa, 277-0871, Japan
* shiga.motoyuki@jaea.go.jp

Nuclear quantum effects, such as zero-point motion and tunneling, play an important role in hydrogen
dynamics in bulk and surface metals. We have studied hydrogenisotope diffusion using path-integral-
based methods, including quantum transitionstate theory (QTST), ring-polymer molecular dynamics
(RPMD), and centroid molecular dynamics (CMD) [1-3]. Combined with first-principles calculations
and machine-learning potentials, these approaches have enabled the quantitative evaluation of isotope
effects and have shown good agreement with experiments.

While RPMD and CMD are useful for describing diffusion dynamics, they have intrinsic difficulties in
vibrational dynamics. To overcome this limitation, Brownian chain molecular dynamics (BCMD) was
proposed as an approximate quantum dynamics method, in which Newtonian dynamics of the centroid
mode is combined with overdamped Brownian dynamics of the non-centroid modes [4]. BCMD has
been shown to reproduce hydrogen inelastic neutron scattering (INS) spectra, which are difficult to
describe by classical dynamics because they reflect local anharmonic hydrogen vibrations and coupling
with metal phonons [5].

Recently, path-integral simulations with machine-learning potentials have been accelerated to the
nanosecond time scale [6], opening the way to longer-time simulations of quantum molecular systems.
We are also developing a theoretical foundation and an improved numerical algorithm for BCMD,
particularly through a quasi-density-operator (QDO) formulation and a multiple-time-step scheme
designed to enhance numerical stability.

1] Kwon, H., Shiga, M., Kimizuka, H., Oda, T, Acta Mater., 2023, 247, 118739.

2] Kataoka, Y. Haruyama, J., Sugino, O., Shiga, M., Phys. Rev. Res, 2024, 6, 043224.

3] Kimizuka, H., Ogata, S, Thomsen, B., Shiga. M., J. Phys. Condens. Matter, 2025, 37, 193001.
4] Shiga, M., J. Comput. Chem,, 2022, 43, 1864.

5] Shiga, M., Thomsen, B., Kimizuka, H., Phys. Rev. B, 2024, 109, 054303.
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[6] Shiga. M., Elsner, J., Behler, J,, Thomsen, B., J. Chem. Phys., 2025, 163, 134119.
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Memory Matters: Friction in Path-Integral Rate Calculations

George Trenins
Max Planck Institute for the Structure and Dynamics of Matter, 22761 Hamburg, Germany
* george.trenins@mpsd.mpg.de

Friction describes how molecular motion is altered by coupling to an “environment’, be it solvent,
crystalline substrate, or conduction electrons. It can be a key factor in rate calculations: not only does
friction control diffusion and energy dissipation, it also modifies quantum zero-point energies and
tunnelling probabilities [1,2]. All these effects are captured by ring-polymer generalised Langevin
dynamics, which we developed as an extension of RPMD rate theory [3]. We show how the spatial
dependence and memory of friction combine to modulate nuclear quantum effects and describe how
to incorporate this into practical simulations. Using our approach,
we study the diffusion of hydrogen on the Cu(111) surface, finding
that memory effects counteract the rate enhancement due to
zero-point motion. We show that for a range of temperatures, the
two effects cancel almost perfectly, explaining the anomalous
agreement of previous classical dynamics simulations with
experiment. Outside this range, the diffusion rates display non-
Arrhenius behaviour that is not captured by classical dynamics
but readily explained by our approach.

[1] Litman, Y, Pds, E. S.; Box, C. L., Martinazzo, R.; Maurer, R. J.; Rossi, M. J,
Chem. Phys. 2022, 156, 194106.

[2] Bridge, O.; Lazzaroni, P; Martinazzo, R.; Rossi, M.; Althorpe, S. C,;
Litman, Y. . Chem. Phys. 2024, 16, 024110.

[3] Trenins, G.; Rossi, M. Phys. Rev. Lett, 2025, 134, 226201.

Paths and Braids: Topological Algorithms for Path Integral

Quantum Dynamics

Mark E. Tuckerman

Department of Chemistry, New York University, New York, NY 10003 USA

Courant Institute of Mathematical Sciences, New York University, New York, NY 10014 USA
NYU-ECNU Center for Computational Chemistry at NYU Shanghai, Shanghai, China 200062
Simons Center for Computational Physical Chemistry at New York University, New York, NY 10003 USA

* mark.tuckerman@nyu.edu

In the path integral formulation of quantum statistical mechanics, imaginary-
time paths between two points, which represent general canonical density
matrix elements, are often needed for the calculation of momentum-dependent
properties, approximate quantum dynamics, and Wigner phase-space functions.
In the first part of this talk, | will discuss efficient classical algorithms for the
calculation of canonical density matrix elements via open-chain Monte Carlo
and open-chain contraction algorithms. The second part of the talk will be an
introduction to the, as yet largely unexplored, development of quantum algorithms
for path integrals. The discussion will focus specifically on topological quantum
algorithms, formulated in terms of the physics of anyons and braiding operations,
for computing quantum dynamics. | will review the concepts of anyon fusion in the
generation of the computational basis, braid groups, and braiding operations for
the construction of quantum gates needed in the calculation of real-time quantum
propagators. Simple examples, including isolated small molecules and molecules
in optical cavities, as well as system-bath Hamiltonians, will be used to illustrate
these concepts and prospects for expanding to larger systems will be presented.
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Semiclassical Methods For Photoinduced Charge Transfer

Xiang Sun
New York University Shanghai

Simulating photoinduced charge transfer in the condensed phase is essential for understanding
fundamental processes in solar energy conversion and complex molecular devices. Traditional
approaches, such as standard Marcus theory, often rely on the assumption of a thermally equilibrated
initial state. However, this assumption frequently breaks down for photoinduced processes, where
vertical excitation creates a highly nonequilibrium nuclear state. The subsequent structural relaxation
dictates that the transfer process must be described by a time-dependent rate coefficient. In this talk, |
will present semiclassical methods developed to accurately capture these non-stationary dynamics. | will
firstintroduce the nonequilibrium Fermi's golden rule (NE-FGR), which provides a rigorous foundation for
evaluating electronic transitions originating from nonequilibrium states. Building upon this framework, |
will discuss Instantaneous Marcus Theory (IMT) for photoinduced charge transfer dynamics. By utilizing
linearized semiclassical approximations, NE-FGR and IMT successfully captures the time-dependent
evolution of charge transfer rates as the system undergoes nuclear relaxation. Furthermore, applying
these theories to complex systems requires the construction of accurate model Hamiltonians. To this
end, | will discuss the formulation of effective multistate harmonic (MSH) models. Constructed directly
from all-atom electronic structure calculations and molecular dynamics simulations, the MSH framework
serves as a nontrivial multistate extension of the spin-boson model. | will demonstrate how these MSH
models are proven to reproduce the nonadiabatic dynamics of the full all-atom description. Ultimately,
the combination of these semiclassical rate theories and MSH model construction offers a robust toolkit
for investigating charge and energy transfer dynamics in complex condensed phases.

Poissonization of Quantum Dynamics and Applications

Jiushu Shao
Beijing Normal University

Interpreting the action of the Hamiltonian operator as an event, we demonstrate the correspondence
between the quantum dynamics of a generic system and a Poisson process and thereby establish a
Poissonization procedure to simulate quantum dynamics. We first clarify the basic ideas of the approach
and analyze how the Poisson rate controls the convergence. We then show that the Poissonization
naturally results in a quantum jump scheme and make an illustration with the two-state system. For
nonadiabatic processes the Poissonization yields an exact stochastic surface hopping approach and we
make it clear with the simulation of a Tully’s model. Finally, we tackle the Newns-Anderson model with
more than a hundred electronic states and obtain the exact vibrational excitation dynamics.
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Exact Tunneling Splittings from Rotationally Projected

Path-Integral Sampling

Yu-Chen Wang

Institute of Molecular Physical Science, ETH Ziirich, 8093 Ziirich, Switzerland
* wangyuc@ethz.ch

Quantum tunneling between symmetry-related molecular structures produces characteristic splittings
that sensitively probe rovibrational dynamics and the underlying potential energy surface. In this talk,
I will present two recent advances in exact path-integral methods for such splittings. First, | will show
how the previous symmetrized path-integral molecular dynamics (PIMD) framework for the rotational
ground state [1] can be extended to rotationally excited states by projecting onto selected J manifolds
and symmetry subspaces with an Eckart spring, allowing rigorous rotationally resolved splittings for
multiple / values to be extracted from a single set of simulations. [2]

In the second part, | will introduce path-integral hybrid Monte Carlo with enveloping bridging potentials
(PIHMC-EBP), a new path-integral sampling method based on the same rotational-projection formalism.
[3] In this approach, an EBP is constructed for direct free-energy sampling, and two tailored nonlocal
updates are designed to enhance the sampling of slow collective motions. Compared with PIMD
based on thermodynamic integration, this approach removes the need for quadrature and timestep
convergence checks, greatly reducing manual effort in the analysis. Applications to malonaldehyde
and the HCI dimer yield the most precise reported splittings while reducing the computational cost
by several-fold and by roughly three orders of magnitude, respectively. Application to the water dimer
provides the first numerically exact path-integral calculations for the ground-state splittings on three
different PESs, all obtained simultaneously from a single set of trajectories by reweighting.

[1] Trenins, G.; Meuser, L,; Bertschi, H.; Vavourakis, O.; Flttsch, R; Richardson, J. O. J. Chem. Phys., 2023, 159, 034108.

[2] Zupan, L.,; Wang, Y.-C,; Richardson, J. O. 2026, arXiv:2604.12638.
[3] Wang, Y.-C,; Richardson, J. O. 2026, arXiv:2604.12639.

Decoding Water Through Quantum Simulations and
Vibrational Spectra

Qi Yu

Department of Chemistry, Fudan University

* gi_yu@fudan.edu.cn

Water exhibits remarkable structural, thermodynamic, and spectroscopic properties that arise from its
complex hydrogen-bond network and many-body molecular interactions. In this talk, | will present our
recent efforts toward decoding water from its underlying molecular interactions to its vibrational spectra.
| will first discuss the development of high-accuracy many-body potentials for water, highlighting our
recent g-AQUA and g-AQUA-pol models. | will then introduce MB-PIPNet, a monomeric machine-
learning framework that combines the physical rigor of the many-body expansion, the efficiency of
permutationally invariant polynomials, and the scalability of neural networks to enable accurate and
efficient molecular simulations. The second part of the talk will focus on quantum vibrational spectra.
I will present our work on the vibrational self-consistent field and vibrational configuration interaction
(VSCF/VCI) method and its applications to protonated water clusters, and liquid water. In particular,
| will show recent VSCF/VCI simulations of liquid-water spectra with local-monomer approaches,
providing quantitative interpretations of the fundamental, overtone, and combination bands. The effects
of vibrational mode couplings on liquid water structures will also be discussed.

[1] Yu, Q* Zhang, D.H.; Bowman, J.M. et al. Nat. Comput. Sci. 2025, 5, 418

[2] Ma, RT,; Bowman, J.M,; Yu, Q* et al. J. Phys. Chem. A 2025, 129, 7051

[3] Yu, Q% Bowman, J.M. et al. Mol. Phys. 2025, e2536184

[4] Yu, Q* Bowman, J.M.* et al. J. Phys. Chem. Lett. 2022, 13, 5068

[4] Yu, Q,; Bowman, J.M.* J. Am. Chem. Soc. 2017, 139, 10984
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Semiclassical Vibronic Spectroscopy with New Initial Value
Representation Techniques
Jia-Xi Zeng

Dipartimento di Chimica, Universita degli Studi di Milano, via Golgi 19, 20133 Milano, Italy
* jiaxi.zeng@unimi.it

We developed a semiclassical initial value representation (SCIVR) method for nonadiabatic real-
time dynamics, with a complete derivation starting from coherent-state path integrals. We call it the
squeezing SCIVR (sq-SCIVR) because of the new squeezing technique introduced. The method is more
norm-conserving, more accurate and more numerically efficient than the previously tested Meyer—
Miller—Stock-Thoss Herman-Kluk (MMST HK) method [1]. We
— qm applied it to one- and multi-dimensional non-adiabatic models
— VR, ¢=100 for vibronic spectroscopy, and the results are very encouraging.
TA, =100 . . . .
QM levels Our method is able to reproduce the spectra with satisfying
accuracy while requiring very little manual adjustment or filtering.
Therefore, it shows strong potential for applications to a broader
range of non-adiabatic systems.
[1] Moscato, D.; Gandolfi, M; Ceotto, M. J. Chem. Phys., 2025, 162, 234108.
[2] Zeng, J. X,; Ceotto, M. Manuscript in preparation, 2026
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o ois  ois o o038 ols 030 o031 o3 oas Calculated with sg-SCIVR, its time-averaging version, and the
Energy (a.u.) quantum benchmark.

Stochastic Schrodinger Equation for Carrier Dynamics in

Organic Semiconductors

Yi Zhao

State Key Laboratory of Physical Chemistry of Solid Surfaces, Fujian Provincial Key Laboratory of
Theoretical and Computational Chemistry, and College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005

It is well-known that charge/energy transfer dynamics with strong electron-phonon interactions in
organic materials is commonly described by rate theories while that with strong electronic couplings in
inorganic semiconductors is dealt with by band theories. However, in novel organic and oxide crystals,
electron-phonon and electronic couplings have a similar order of magnitude, and neither rate methods
nor band theories are applicable. In this work, | show a rigorous stochastic Schrodinger equation and
its approximations proposed by us to bridge the gap between rate and band theories, in which the
molecular vibration is introduced as a random fluctuation of the electron energy level, and thus the
approach is suitable to the dynamic process in nanoscale systems.[1] We also try to extend the stochastic
Schrodinger equation into both the lattice momentum space and the coordinate space, and provide
an innovation for carrier dynamics simulations in the field of inorganic semiconductors.[2] Finally, we
demonstrate the applications with charge separation in donor-acceptor organic solar cells.[3]

[1] Wang & Zhao et. al, WIREs Comput. Mol. Sci. 2019; 9:e1375.
Gao & Zhao et. al,, J. Phys. Chem. Lett. 2026, 17, 6398.

[2] Lian & Zhao et. al,, J. Phys. Chem. Lett, 202314, 6990.
Gao & Zhao et. al, J. Chem. Phys., 2024, 160, 124112.

[3] Wang & Zhao et. al,, . Chem. Theo. Comp., 2023, 19,3900.
Feng & Zhao et. al,, ). Chem. Phys., 2025, 163,024113.
Wen & Zhao et al., Aggregate, 2025, 6, €729.
Wen & Zhao et.al, J. Phys. Chem. Lett. 2025, 16, 6825.
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PIMD Simulations of Bulk Water and Methane Hydrate with

Highly Accurate Neural Network Potentials

Dong Hui Zhang

State Key Laboratory of Chemical Reaction Dynamics, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023, China
* zhangdh@dicp.ac.cn

Path integral molecular dynamics can yield quantitatively accurate thermodynamic properties of bulk
systems when the underlying potential is sufficiently accurate. In this talk, | will present PIMD results for
bulk water and methane hydrate using two highly accurate potentials, both constructed by fitting many-
body interaction energies from high-level electronic structure calculations with fundamental-invariant
neural networks. The results show unprecedented agreement with experiment.

Unconventional Superconductivity from Lattice Quantum

Disorder

Yu-Cheng Zhu
School of Physics, Peking University, Beijing, 200438, P. R. China
* zhuyucheng@pku.edu.cn

Unconventional superconductivity presents a defining challenge in physics. Prevailing theoretical
frameworks have predominantly emphasized electrons, largely neglecting the rich physics inherent in
the lattice. Conventional phonon theory omits quantum many-body effects of the nuclei, leading to
misleading structural phase diagrams and an unsound foundation for superconducting theory. Here,
by incorporating nuclear quantum many-body effects within first-principles calculations, we discover a
lattice quantum disordered (LQD) phase in superconductors H,S and La,Ni,O,. This phase occupies a
triangular region in the P-T phase diagram, whose left boundary aligns precisely with T of the left flank
of the superconducting dome. Its T," coincides with the dome’s peak, identifying this phase as both
the origin of superconducting transition on the left flank and a key ingredient of the pairing mechanism.
Our findings advance the understanding of unconventional superconductivity and establish LQD as
a unifying framework, both for predicting new superconductors and for elucidating phenomena in a
broader context of condensed matter physics.

We employed the PIMD method to rigorously incorporate nuclear quantum many-body effects. Using
the centroid mean force, we obtained the dispersion relation of lattice motion in the LQD region, thereby
determining the phase boundary. In a previous work [2], we first proposed this method and verified
its accuracy. In the present work [1], we extend the study of the LQD phase to finite temperatures and
uncover the decisive influence of LQD on unconventional superconductivity.

[1] Yu-Cheng Zhu, Jia-Xi Zeng, Xin-Zheng Li, arXiv:2602.03576 (2026).

[21 Yu-Chena Zhu. Jia-Xi Zena. Qi-Jun Ye. Xin-Zhena Li. Phvs. Rev. Lett. 2025. 134. 246401
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Atomistic Nonadiabatic Reaction Rates from Mean-Field Path Integrals

Siyu Bu*, Nandini Ananth
Department of Chemistry and Chemical Biology, Cornell University, Ithaca, New York, 14850, United State of America
* sb2532@cornell.edu

Nonadiabatic condensed phase reactions are central to a wide range of interesting chemical processes, such as electron transfer
and proton transfer reactions. Although many nonadiabatic dynamic methods have been developed to characterize the reaction
rates and mechanisms, accurate atomistic simulations that incorporate the nuclear quantum effects and vibronic couplings remain
challenging.

Mean-field ring polymer molecular dynamics (MF-RPMD) provides an effective way to calculate nonadiabatic reaction rates for a
real system by propagating the nuclei on an effective electronic state-averaged potential energy surface. However, previous work
shows that rates calculated from the MF-RPMD Hamiltonian significantly overestimate the rates in the nonadiabatic regime. For
this presentation, | present our work on a new way of doing mean-field path integral rate calculation for nonadiabatic reactions2.
By correcting the reactive flux with respect to the kink configurations, this method yields quantitatively accurate rates for models
over a wide range of driving forces and electronic coupling strengths.

Beyond model-system application, | extended MF-RPMD to atomistic condensed phase electron transfer through animplementation
with i-Pl. | applied this method to an electron transfer between two iron ions in water and compared the resulting rates with
Marcus theory across different driving forces. Preliminary results show promising order of magnitude agreement with Marcus
theory, with rates that are systematically higher than classical Marcus Predictions due to nuclear tunneling effects. Overall, these
results suggest that MF-RPMD provides an efficient and promising framework for simulating atomistic nonadiabatic reactions.

[1] A. R. Menzeleey, F. Bell, and T. F. Miller lll, J. Chem. Phys. (2014)
[2] Nathan London*, Siyu Bu*, Britta Johnson, and Nandini Ananth. J. Phys. Chem. A,, 128, 2024.
[3] Litman et al.,, J. Chem. Phys. 161, 062504 (2024)

Electronic Path-Integral Normal Modes of Mapping Representations

for Nonadiabatic Dynamics

Lauren E. Cook*, James R. Rampton, and Timothy J. H. Hele
Department of Chemistry, University College London, London, WC1H 0AJ, UK
* 1.cook.18@ucl.ac.uk

Accurate simulation of nonadiabatic dynamics is desirable for understanding ultrafast light and energy transfer. The major challenge
for classical scaling mapping methods is simultaneously achieving conservation of the Quantum Boltzmann Distribution (QBD)
and Rabi oscillations. For a single surface, Matsubara dynamics truncates in the higher path-integral normal modes of the nuclear
variables, resulting in classical, QBD conserving dynamics.1 Nonadiabatic Matsubara dynamics has been proposed,2,3 truncating
only in the nuclear normal modes and leaving electronic variables unchanged in the Meyer-Miller-Stock-Thoss (MMST) or spin-
mapping representations, which surprisingly do not generally conserve the QBD. Here, we will discuss the first electronic normal
mode investigations using the MMST and spin-mapping representations. By focusing on a two-level electronic-only system, we
find that truncating in MMST normal modes results in a loss of QBD conservation for a single trajectory and poor dynamics,
suggesting that the MMST representation is not optimal for QBD conserving nonadiabatic dynamics.4 However, by utilizing
the spin-mapping representation,5 we find the higher normal modes of the spin-vector z-component (the difference in state
populations) are constrained by the Boltzmann distribution. We derive the population occupancy correlation function and find the
time-evolved observable to be a function of only the spin-mapping centroid, which is propagated in an accurate and symplectic
manner.6 Computationally, the full N bead results are replicated using only the spin-mapping centroid, leading to accurate, QBD
conserving dynamics. To our knowledge, this is the first QBD conserving method that truncates in electronic normal modes.
These developments will aid the future derivation of highly accurate and Quantum Boltzmann conserving nonadiabatic dynamics
methods.

11 T. J. H. Hele, M. J. Willatt, A. Muolo and S. C. Althorpe, J. Chem. Phys,, 2015, 142, 134103.
[2] S. N. Chowdhury and P. Huo, J. Chem. Phys., 2021, 154, 124124,

[3] D. Bossion, S. N. Chowdhury and P. Huo, J. Chem. Phys., 2021, 154, 184106.
[4] L. E. Cook and T. J. H. Hele, J. Chem. Phys., 2025, 163, 174113.

[56] J. E. Runeson and J. O. Richardson, J. Chem. Phys,, 2019, 151, 044119.

[6] L.

6] L. E. Cook, J. R. Rampton and T. J. H. Hele, J. Chem. Phys., 2026, 164, 144112.
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Quantum annealing for materials

Alfredo Fiorentino™ and Nicola Marzari'?

1 PSI Center for Scientific Computing, Theory, and Data, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland
2 Theory and Simulation of Materiqls (THEOS), and National Centre for Computational Design and Discovery of Novel
Materials (MARVEL), Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland

* alfredo.fiorentino@psi.ch

Finding the global minimum of a potential-energy surface is a fundamental challenge in materials science, underpinning problems
that range from protein folding to the structure of atomic clusters. Quantum annealing (QA) has emerged as a promising global-
optimization strategy [1,2], using quantum fluctuations rather than the thermal fluctuations that drive classical simulated annealing.
A direct implementation of QA for realistic, multidimensional systems, however, remains computationally demanding because
sampling the quantum nuclear density is challenging.

To address this bottleneck, we propose a QA implementation based on path-integral molecular dynamics [3]. The approach
retains the flexibility and simplicity of molecular-dynamics simulations while providing an efficient route to explore complex
potential-energy landscapes. On benchmark systems, including LennardJones clusters, the method often outperforms its
classical counterpart. When combined with machine-learning potentials, it also enables applications to relevant materials-science
problems, such as crystal-structure reconstruction.

[1] Gregor, T,; Car, R. Chem. Phys. Lett,, 2005, 412, 125-130.
[2] Stella, L.; Santoro, G. E.; Tosatti, E. Phys. Rev. B, 2005, 72, 014303.
[3] Fiorentino, A.; Marzari, N. Manuscript in preparation.

A New Path Integral Transition State Theory

J. Amira Geuther?*, Jeremy O. Richardson?, and Stuart C. Althorpe1

1 Department of Chemistry, University of Cambridge, Cambridge, UK
2 Department of Chemistry and Applied Biosciences, ETH Zurich, Zurich, Switzerland

* ageuther@student.ethz.ch

| will present a new path integral transition state theory. This is based on a new rigorous derivation of instanton rate theory from
first principles using Matsubara Dynamics which elucidates key physical features of the theory.

The formulation introduces a new class of path-integral dividing surfaces which naturally select the real-time flux along the
instanton pathway. A central advantage of the approach is that it captures anharmonic fluctuations around the instanton path
non-perturbatively, going beyond the harmonic treatment underlying standard instanton theory.

One-dimensional benchmark calculations show excellent agreement with exact quantum-mechanical calculations for both
symmetric and asymmetric systems and the new method outperforms existing methods like quantum and semiclassical instanton
theory or RPMD-TST.

In multidimensional systems, it accurately describes ro-vibrational coupling as well as coupling between rotation and permutational
degrees of freedom of a path. This allows to describe reactions which have very floppy modes. Likewise, this method enables the
computation of exact quantum partition functions. This will be demonstrated with applications to real molecular reactions.
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Non-adiabatic Molecular Simulations with Path Integral Monte Carlo

Michael Hiitter*, Milan Oncéak

Department of lon Physics and Applied Physics, Innsbruck, 6020, Austria
* michael.huetter@uibk.ac.at

Non-adiabatic effects play a central role in many chemical processes, including photochemistry, charge transfer, and radiationless
relaxation near conical intersections. Here, we present our recently proposed path integral Monte Carlo (PIMC) approach for
molecular systems with multiple coupled electronic states [1], where non-adiabatic effects are treated in a diabatic representation.
The method accurately reproduces exact results for non-adiabatic model systems and thermodynamic equilibrium properties of
simple molecules.

To enable applications to higher-dimensional systems, we additionally discuss ongoing work on machine-learning-based
diabatization using neural ordinary differential equations. In this framework, smooth quasi-diabatic potential energy surfaces are
constructed through the parallel transport of electronic states, providing a differentiable and geometrically motivated approach for
treating non-adiabatic couplings and generating diabatic representations suitable for PIMC simulations.

[1] Hdtter, M.; Oncak, M. J. Chem. Theory Comput. 2025, 21, 4397-4404.

Divergence of Semiclassical Expansions:

Restoring Spatial Coherence in Density Functional Theory
Yi Shi* and Xin-Zheng Li
State Key Laboratory for Artificial Microstructure and Mesoscopic Physics and School of Physics,
Peking University, Beijing, 100871, P. R. China
* yishi@pku.edu.cn

This work analyzes the intrinsic errors in standard density functional approximations (DFAs) from the perspective of semiclassical
asymptotic analysis. By mapping the density gradient expansion onto the WKB approximation, we show that the nonperturbative
tunneling information that can be extracted via Borel resummation[1], indicates an exponential decay of the one-particle reduced
density matrix (1-RDM) offdiagonal elements in stretched diatomic molecules. Furthermore, we reveal that standard DFAs fail
to capture this nonlocal spatial coherence, thereby yielding a spurious constant error in the non-additive exchange-correlation
energy in the dissociation limit. Finally, we show that fragment density functional approximations within partition-DFT[2], such as
the overlap approximation[3], successfully reintroduce spatial coherence into approximate DFT, serving as an effective remedy for
the fractional-spin and fractional-charge errors in (semi)local DFAs.

[1] Voros, A. Annales de I'lHP Physique theorique, 1983, 39, 211.
[2] Elliott, P, Burke, K.; Cohen, M. H. and Wasserman A. Phys. Rev. A, 2010, 82, 024501.
[3] Shi, Y,; Shi, Y. and Waseerman, A. J. Chem. Phys., 2024, 15, 826.
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Nuclear Quantum Effects as a Denoising Problem

Weizhou Wang'*, Jonathan Weare?, and Aaron Dinner'

1 Department of Chemistry, University of Chicago, Chicago, 60637, USA
2 Courant Institute of Mathematical Sciences, New York University, New York, 10012, USA

* weizhouwang@uchicago.edu

The imaginary-time path integral rigorously captures nuclear quantum effects (NQEs) through the isomorphism between quantum
statistics and a classical ring-polymer distribution. The Euclidean action of the ring polymer separates into a quadratic action
which encodes particle mass, chain boundary conditions, and even non-local dissipative bath coupling, and a residual factor
determined only by the potential energy surface (PES). Since the quadratic component is known analytically, it can be composed
at sampling time with a learned denoiser trained on the PES-defined residual — a classical Boltzmann factor at the single-bead
inverse temperature T. Sampling the path integral therefore reduces to a denoising problem on the classical distribution, and we
call this framework the Denoising Path Integral (DPI).

This decomposition implies that the physical conditions governing NQEs can be modified at sampling time without retraining
the denoiser. The denoiser operates on each imaginary-time bead at fixed width 1, and adjusting the number of beads P changes
the physical inverse temperature according to 5 = PT. Replacing the quadratic component by changing the particle mass in the
quadratic action or by adding a Caldeira—Leggett bath kernel transfers the same denoiser to different isotopes and dissipative
environments. As in Ref. [1], the denoiser can be trained from standard molecular dynamics at the single-bead inverse temperature
T or from restrained sampling, bypassing the need to first run path-integral simulations.

We demonstrate DPI on three systems: (i) a dissipative double-well potential coupled to a Caldeira-Leggett bath, where a single
denoiser transfers across bath coupling strengths and inverse temperatures, matching reference centroid distributions and radius
of gyration; (ii) the Zundel cation (H,O3), where the relative preference of D and T for the central shared site versus terminal sites
is predicted over 150-480K; and (iii) bulk water with 216 molecules, where isotope effects in H,0, D,O and T,O radial distribution
functions are predicted within 1% of the reference peak heights.

These results show that NQEs arise naturally by analytically composing the quadratic path structure with a denoiser trained only
on standard molecular dynamics data.

[1] Wang, W.; Zhang, X.; Weare, J.; Dinner, A. R. arXiv, 2026, arXiv:2601.20228.

Imaginary Time Path Integral for Fictitious Identical Particles

Yunuo Xiong*
Center for Fundamental Physics, Hubei Polytechnic University, Huangshi, 435003, P. R. China
* xiongyunuo@hbpu.edu.cn

Imaginary time path integral is a powerful tool to study the thermodynamics of quantum many body systems. Consequently,
researchers have developed path integral Monte Carlo (PIMC) and path integral molecular dynamics (PIMD) to perform ab initio
simulations of large-scale quantum systems. On the other hand, quantum exchange effects are also important and must be taken
into account in PIMC/PIMD for identical particles. Hirshberg et al. [1] have developed a recurrence relation to consider exchange
effects in PIMD. However, the notorious fermion sign problem emerges when PIMC/PIMD is applied to Fermi systems. Fictitious
identical particle (FIP) [2,3,4,5] became a popular method to circumvent fermion sign problem through extrapolation from the
bosonic sector to the fermionic sector, and in this talk | focus on PIMC/PIMD technique for FIP, as well as the applications to
different Fermi systems.

1] Hirshberg B, Rizzi V, Parrinello M. Proceedings of the National Academy of Sciences, 2019, 116, 21445,
] Xiong Y, Xiong H. The Journal of Chemical Physics, 2022, 157(9), 094112.
] Dornheim T, Tolias P, Groth S, et al. The Journal of Chemical Physics, 2023, 159(16), 164113.

4] He R C, Zeng J X, Yang S, et al. Physical Review E, 2026, 113(2), 024115.
1
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[5] Dornheim T, Doppner T, Tolias P, et al. Nature Communications, 2025, 16(1), 5103.
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The Quantum Nature of Non-equilibrium Proton Transfer

— A Full-wavefunction Dynamics Study

Luhao Zhang, Cui Zhang? Sheng Meng? and Enge Wang'?

1 Department of Physics , Peking University, Beijing 100871, P. R. China
2 Institute of Physics, Chinese Academy of Science, Beijing, 100190, P. R. China

* luhaozhang@pku.edu.cn

Non-equilibrium proton transfer is ubiquitous as key step in applied chemistry and biological system. The study of proton transfer
mechanism provides general insights into electron-nucleus interplay in condensed phase science. Because of lack of concrete,
proper description of the nuclear quantum dynamics, both experiment and theory face challenge in understanding data as well
as simulating dynamics. Here, using effective Hamiltonian of full-wavefunction description of proton and electron, and treating
effect of surrounding environment by open quantum system, we show in several organic chromophores and water molecule
network the dominate role of electron-proton(s) quantum correlation that obeys a vibrionic coupling form. The theory gains
quantitative consistency with ultrafast time-resolved spectroscopy, and explains a series of anomalous isotope effects beyond
classical/semiclassical theory, showing the nature of proton transfer as coherent evolution among entangled electronproton
states. The electron-proton(s) quantum correlation can cause novel proton transport properties, including significant reduction
of OH vibrational frequency, nonlocal quantum superposition of two degenerate reactions, and an increasing transport rate with
heavier hydrogen mass. These study reveals the discovered electronproton(s) quantum correlation is potentially crucial in proton
transfer and general condensed phase chemistry and physics process.

1] Luhao Zhang, Francesca Fassioli, Rong Li and Gregory D. Scholes. The Journal of Physical Chemistry A, 2025, 129(22): 4844-4854,

2] Luhao Zhang, Francesca Fassioli, Bo Fu, Zhen-Su She and Gregory D. Scholes. ACS Physical Chemistry Au, 2022, 3(1).

3] Xinzi Zhang, Kyra N. Schwarz, Luhao Zhang, Francesca Fassioli, Bo Fu, Lucas Q. Nguyen, Robert R. Knowles, and Gregory D. Scholes.
Proceedings of the National Academy of Sciences, 2022, 119(43).

[4] Luhao Zhang, Cui Zhang, Ying Jiang, Xinzheng Li, Yimin Zhang, Shengjie Zhang, Sheng Meng and Enge Wang. in preprint, 2026
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Herman-Kluk-like Semi-classical Initial-value Representation

for Boltzmann Operator

Binhao Wang', Fan Yang? Chen Xu', and Peng Zhang*'?

1 School of Physics, Renmin University of China, Beijing, 100872, China
2 Hefei National Laboratory, Hefei, 230088, China
3 Key Laboratory of Quantum State Construction and Manipulation (Ministry of Education),
Renmin University of China, Beijing, 100872, China

* pengzhang@ruc.edu.cn

The coherent-state initial-value representation (IVR) for the semi-classical real-time propagator of a quantum system, developed
by Herman and Kluk (HK), is widely used in computational studies of chemical dynamics. On the other hand, the Boltzmann
operator exp(-A/ksT), with F, ks, and T representing the Hamiltonian, Boltzmann constant, and temperature, respectively, plays a
crucial role in chemical physics and other branches of quantum physics. One might naturally assume that a semi-classical IVR
for the matrix element of this operator in the coordinate representation (i.e., ()?|exp(-I:I/kB77|x), or the imaginary-time propagator)
could be derived via a straightforward “real-time — imaginary-time transformation” from the HK IVR of the real-time propagator.
However, this is not the case, as such a transformation results in a divergence in the high-temperature limit (T — o). In this work,
we solve this problem and develop a reasonable HK-like semi-classical IVR for ()?|exp(-:‘:l/kBT)|x), specifically for systems where
either the gradient of the potential energy (i.e,, the force intensity) has a finite upper bound or the potential becomes harmonic in
the long-range limit. The integrand in this IVR is a real Gaussian function of the positions x and x, which facilitates its application
to realistic problems. Our HK-like IVR is exact for free particles and harmonic oscillators, and its effectiveness for other systems is
demonstrated through numerical examples.

[1] Binhao Wang; Fan Yang; Chen Xu; Peng Zhang . J. Chem. Phys,, 2026, 164, 064302.
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Nonadiabatic Tunnelling Using Instanton Theory Beyond the Stationary-Action Principle
Imaad Ansari  University of Bristol

Molecular Spin Qubit Relaxation: Temperature Dependence and the Spin-Phonon Polaron
Mechanism
Rui-Hao Bi Westlake University

Vibrational Strong Coupling Enables Electronic Ground-State Reactivity
Mingliang Ding Fudan University

Isotopic EPIGS: Learning Quantum Thermodynamics and Kinetic Energies Across Isotopologues
Mingzheng Du Fudan University

Nuclear quantum effects at the ZnO-water interface
Jan Elsner Ruhr University Bochum

Path Integral Molecular Dynamics Simulation Accelerated by Artificial Intelligence Framework
Cheng Fan Peking University

Physics-informed neural networks for solving saddle-point equations in strong-field physics with
tailored fields
Sufia Hashim University College London

Quantifying the Role of Higher-Lying Excited States in Organic Emitters via Multistate Ab Initio

Kinetic Modeling
Yue He KU Leuven

Quantum-Classical Datasets for Vibrational Energy Transfer and Transport Properties
Qizhen Hong Institute of Mechanics, Chinese Academy of Sciences

Solvent Effect Control of Tunneling Mechanisms: From Light-Atom to Heavy-Atom Tunneling
Longtian Huang Fudan University

Combining Harmonic Sampling with the Worm Algorithm to Improve the Efficiency of Path Integral
Monte Carlo
Sourav Karmakar Tel Aviv University

Primitive and Virial Estimators for High-Order Derivatives of Quantum Time Correlation Function
Hyukjoon Kwon Department of Chemistry at New York University

A Fragmented Monomeric Machine Learning Potential For General Covalent Molecules
Xinze Li  Fudan University

fix pimd/langevin: An Efficient Implementation of Path Integral Molecular Dynamics in LAMMPS
Yifan Li Princeton University

Field-selective criticality in 2D melting revealed by multi-field Lee-Yang zeros
Ling Liu Peking University

Semiclassical Mapping Dynamics to Linear Absorption Spectra Using All-Atom and Multi-State
Harmonic Models
Zengkui Liu  New York University Shanghai

Quantum Vibrational Coupling Manipulates the Structure of Water
Ruitao Ma Fudan University
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18 Radical Localization and Hole Transfer in CcP:Cc Protein Complex
Sutanuka Manna Cornell University

19 Semiclassical Spin Exchange via Temperature-Dependent Transition States
Debaarjun Mukherjee ETH Zurich

20 Program Synthesis for Quantum Dynamics
Devang Patel University of Warwick

2 1 Inverse Isotope Effect in Furan-Water Complex Unraveled by Microwave Spectroscopy and
Instanton Theory
Ziye Qi Fudan University

22 The Spin-Mint Algorithm: An Accurate and Symplectic Propagator for the Spin-Mapping
Representation in Nonadiabatic Dynamics
James Rampton University College London

23 EPIGS: Rigorous Quantum Thermodynamics at Near-Classical Cost
Jing Shen Fudan University

24 The Phase-Coupled Caldeira-Leggett Model: Non-Markovian Open System Dynamics beyond
Linear Dissipation
Yu Su  University of Science and Technology of China

25 Investigating Nuclear Quantum Effects in Water at Nuclear Reactor Operating Temperatures
Bo Thomsen Japan Atomic Energy Agency

26 Herman-Kluk-like Semi-Classical Initial-Value Representation for Boltzmann Operator
Binhao Wang Renmin University of China

27 Lee-Yang Zeros and Path Integral Molecular Dynamics of Indistinguishable Particles
Cong Wang Peking University

28 Nuclear Quantum Effects on High-Harmonic Generation in an Isolated Water Molecule and Water
Clusters
Yiheng Xu Institute of Physics Chinese Academy of Sciences

29 Quantum Tunneling Effects on Hydrogen Transport in Lanthanum Trihydrides
Chunlei Yang Institute of Physics, Chinese Academy of Sciences

30 Phase Transitions between Ice Phases VII, VIII, and X
Yifeng Yao Zhejiang University

3 1 Instanton Theory for Nonadiabatic Tunneling through Near-Barrier Crossings
Ziyan Ye Fudan University

32 Quantum Dissipative Dynamics in a Chiral Phonon Bath
Zifan Zhu University of Science and Technology of China

33 Excited-State Machine-Learning Framework Enabling Accurate and Efficient Nonadiabatic Quantum
Dynamics
Yunzhe Jia University of Chinese Academy of Sciences

34 Free Energy Calculations and Solid-Liquid-Vapor Phase Boundaries Based on the Fi-MB Potential
Energy Surface
Zi-Yu Yu Dalian Institute of Chemical Physics, Chinese Academy of Sciences

Full abstract texts can be found at official website (http://www.piqm2026.0rg).
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Department of Chemistry
100th Aniversary

AIP Publishing

Journal of Chemical Physics £

Website: pubs.aip.org/aip/jcp

The Department of Chemistry at Fudan University was founded in 1926.
Aiming for a key center for cutting-edge chemistry research addressing the
global challenges and cultivating the next generation scientific leaders, the
Department has built its reputation as one of the prominent research hubs
of chemistry in China in the past 100 years. The Department has developed
five independent research institutions including Inorganic Chemistry,
Analytical Chemistry, Organic Chemistry, Physical Chemistry, and Chemical
Biology. In the Chemistry discipline, the Department was certified as the
“National Key Discipline” by the Ministry of Education (MOE) and three of
its five sub-disciplines, Physical, Inorganic, and Analytical Chemistry, were
certified as the "National Key Sub-Disciplines’

Website: chemistry.fudan.edu.cn
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29 Hongzhiwei (HZW) Tech.

In September 2014, Hongzhiwei Technology (Shanghai) Co. Ltd. r P
(HZW) was established in Shanghai, China. As a high-tech enterprise M“Em @
specializing in multi-scale simulation technology research, software ..'-"i-.amsmmu o M@MAP
development, and application—with a core focus on material design

and technical simulation software development.

Our products play a critical role in helping clients shorten development

cycles, elevate technical capabilities, and improve product yields.

Over the past decade, HZW has launched comprehensive multi-

scale simulation software products and integrated material design

solutions.

Website: www. hzw.ai

ChinaHPC Tech. (ﬂ"

ChinaHPC Tech. is a provider of high-performance
computing and Al computing services. The company
offers HPC cloud, Al computing cloud, resource hosting,
and technical support to universities, research institutes,
and industrial users, serving applications including
materials science, computational chemistry, engineering
simulation, bioinformatics, and artificial intelligence.

Website: www.chinahpc.com
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