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H2Q (d-fine, planqc, MQS) Q2H (Parityqc)

Mehr Infos zu dem Projekt auf unserer Website.

• Simulation of water at various levels: Classical MD 
(LAMMPS), Ab initio MD (Quantum Espresso), Path 
Integral MD (PIMD)

Ab initio simulation of water

Structure model (top left) and 
structure factor S(q) of water (top 
right), cost of calculating a 1000 
fs MD-trajectory (bottom left)

• Algorithm for efficiently approximating the ground 
state of a Hamiltonian 𝑯 following 𝑯𝒄 = 𝐸𝑺𝒄 with

𝑯 = 𝜑𝑗 𝐻 𝜑𝑘 and 𝑺 = 𝜑𝑗 𝜑𝑘 .

• In the Krylov variant an operator pool of order n 
consists of powers of the Hamiltonian  

𝑃𝑛
(𝑘𝑟𝑦)

= 1, 𝐻, 𝐻2, … , 𝐻𝑛−1 .

Quantum Subspace Expansion (QSE)

MatQML (HQS) SimKoSys (IQM)

AMQS (d-fine, planqc, ExoMatter, Airbus) QALPHAD (d-fine, planqc, ExoMatter, Airbus)

v0 v1

v2 v1 - v0 

• Quantum Annealing Eigensolver (QAE) 
method: Express coefficients as qubits, 
find minimum energy.

Teplukhin et al. JCTC 15 4555 (2019)

H2 vibrational energies for ν = 0, 1 and 2 converge with increasing
qubits for the expansion coefficients when using the QAE method.

QAE method applied to water
dimer: (2e, 2o) CASCI compared
to QAE with same active space.

Convergence of H2 PEC with parameter r.
Xia et al. J. Phys. Chem. B 122 3384 (2018)

• Xia-Bian-Kais (XBK) method to 
convert electronic Hamiltonian 
to Pauli-Z form.

Quantum Machine Learning

• Property Optimization: bVAE-QUBO with alternative QUBO 
solvers

• Property Prediction: Quantum Graph Neural Networks

Material Optimization

Metal alloys

Possible target 
properties :

o Heat capacity

o Bulk modulus

o Price

o ...

Free parameters:

o Discrete elements

o Continuous ratios
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• Preparation of the ground states of strongly correlated 
electronic systems with hybrid quantum-classical 
embedding techniques based on energy-weighted density-
matrix embedding theory (Ew-DMET) giving access to 
moments of the Green's functions. 

• Solution of the Anderson Impurity model (AIM) by various 
solvers, each representing a different trade-off between 

circuit depth, measurement cost, and flexibility of the 

wavefunction ansatz.

16 qubit (1 impurity site 

+ 7 bath sites) Quantum 
Selected Configuration 
Interaction calculation 
performed on Garnet a 
20-qubit quantum 
processor from IQM. 

Initial DFT 
solution 𝜌𝐷𝐹𝑇

Select orbitals

Compute DMFT 
Hamiltonian

Self-consistency equations

Impurity 
model

Solve impurity problem on a 
quantum computer

Green’s 
function DMFT
𝐺(𝑖𝜔𝑛) 𝑉𝛼𝑖,𝜖𝑖

Compute electron 
density 𝜌𝐷𝑀𝐹𝑇

Repeat DFT using 

𝜌𝐷𝑀𝐹𝑇

Material

DFT

Classical

Quantum

• Hybrid quantum-classical modeling approach to assess the 
interactions between water and hydrogen with metal surfaces with 
strong and weak electronic correlations

• Substitution of conventional DMFT impurity solvers by effective 
quantum solvers

DMFT for strongly correlated systems

• Integration of QC simulations into a CALPHAD-based multiscale simulation pipeline

Thermodynamic modelling of materials with quantum input

Possible unit cell of the 
reconstructed 𝜽 - Al2Cu (001) 
surface.

𝜽-Al2Cu (001) surface 

QC / HPC Atomistic
Simulations and QML

Development of QC and
Hybrid Algorithms

New Materials and
Rapid Validation

Machine Learning for Rapid Analysis

Predictive Simulations

Materials Combinatorics

Multiscale Simulations Self-driving Labs

In Situ and Operando Experiments

Auftragnehmer

• Use case: Protection of Aluminium alloys with Cr oxide-based passivation layers

• Avoidance of the use of highly toxic Cr(VI)-based coatings with Cr(III)-based films

Get in
touch.

We enable
quantum!
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