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Ntroduction
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Hydrogen embrittlement: Interstitial site  GB sites ~ Octahedron Tetrahedron Capped trigonal prism
after diffusion, hydrogen reacts

with its surrounding to form

brittle compounds.

We aim to characterize crystal structure properties during/after
hydrogen diffusion and especially hydrogen embrittlement using
guantum computing

Figures: Gujarati, Tanvi P, et al. "Quantum computation of reactions on surfaces using local embedding." npj
Quantum Information 9.1 (2023): 88.
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VWhat can we do with classical ab initio codes? ( Quunmumsmssu
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We cannot access to such data with quantum ab initio codes @ QISkIt




A Tramework from Quantum ESPRESSO to Qiskit #7
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DFT

Data: PW coeff, pseudopot. Transformation to Wannier function - optional

Active space “
Hamiltonian

Selection of active space, computation of Hamiltonia

Quantum

simulation

( Ouumumspmsu @ QISklt Solve VOE electronic ground state

Calbriel Breuil, Institute of Materials Research (DLR-WF), May 21st 2025
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VWhat are the DFT condition we must Tulfil?
DFT - Close-shell

- Single k-point or following a k-path
- Norm-conservative pseudopotential

Active space

Selection of active space, computation of Hamiltonia

Data: PW coeff., pseudopot.

Quantum

simulation

( Ouunmumspﬂfssu @ QISklt Solve VOE electronic ground state

Calbriel Breuil, Institute of Materials Research (DLR-WF), May 21st 2025




Theoretical insight: plane-waves and Wannier
functions DLR

Bloch expansion:
Yi(r) = uy(r)e®”

1 .
Yix() = v E C;ge K+
GeBZ
|GI<Gmax

e e!K+¥OT Hianewave component

We consider p-like orbitals centered on
each atom and the band is isolated.

Figure: Marzari, Nicola, et al. "Maximally localized Wannier functions: Theory and
applications." Reviews of Modern Physics 84.4 (2012): 1419-1475.




Theoretical insight: plane-waves and Wannier #7
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functions
Wannier functions: "ol
V .
] . — —ikR,y, .
wir = R) = oo jB eI Ry () di
W, (0

T

Transformation:

wi) = U (1) L

A Wannier function is the Fourier transform of a Bloch expansion

Figure: Marzari, Nicola, et al. "Maximally localized Wannier functions: Theory and applications." Reviews of WA N N | E R 9 O
Modern Physics 84.4 (2012): 1419-1475.
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DFT

Data: PW coeff, pseudopot. Transformation to Wannier function - optional

Active space “
Hamiltonian

Selection of active space, computation of Hamiltonia

Quantum

simulation

( Ouumumspmsu @ QISklt Solve VOE electronic ground state

Calbriel Breuil, Institute of Materials Research (DLR-WF), May 21st 2025




—valuation of the electronic Hamiltonian
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[1]: Yalouz, Saad, et al. "A state-averaged orbital-optimized hybrid quantum-classical algorithm for a
democratic description of ground and excited states." Quant. Sc. Tech. 6.2 (2021): 024004
[2]: Hamann, D. R. "Optimized norm-conserving Vanderbilt pseudopotentials" Phys. Rev. B 88.8 (2013): 085117




—valuation of the electronic Hamiltonian #7
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We express hyj and hyy in the reciprocal space
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—valuation of the electronic Hamiltonian #7
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hij and hyj are calculatec 1
inthe BZ Yjx(r) = N

Jordan-Wigner mapping 1 _
UCCSD ansatz a;(j) — 2 (® Zk:) ® (Xp &) iY)p)




Convergence test on a supercel|

Bulk Si - Active Space: (6e-50)
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Conclusion #
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= \We obtain a faster convergence with plane-waves rather than Wannier functions
for bulk materials.

= The convergence speed for systems with defect seems to pe basis set dependent.

= Processing of the electronic wave-function to get a guantum Bader charge:!

2
pUeEE) = > 1 |pPFT(r)|

i




Perspective

Open-shell:
Extension of the code to
odd number of electrons

Ceometry relaxation:

Cradient and Hessian calc.

N a guantum simulation
with finite difference

@

QuUantum Espresso
10
Qiskit

i DLR

Pseudopotential:
Expansion of the code to
various pseudopotentials

Orbitals optimization:
VOQE does not optimize
the orbitals but only the
occupancy of the
configurations
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