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Many-Body Theory Group

• Doctoral researchers: Gentrit Zenuni, 1-2 to be hired 8/2026; Msc student
Emin Besic; Bsc students: Joonas Fält, Justus Korhonen.

• Collaborators: E. K. U. Gross (Hebrew University of Jerusalem), Patrick
Rinke (Technical University of Munich), Ivan Gonoskov (Friedrich Schiller
University Jena), Simo Huotari (Helsinki University, if measurements
necessary), Matthew Krzystyniak (Vesuvio, neutron scattering experiments),
Jouko Nieminen (in house).

• Home page of the group: https://research.tuni.fi/mbt/.

https://research.tuni.fi/mbt/
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Quantum Mechanical Coulomb Problem of Electrons and Nuclei

• Major success in the description of atoms, molecules, solids.
• Essentially always approximations for molecules and solids.
• Born-Oppenheimer approximation very central, always assumed for solids.
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BO Breakdown, Problems and Systems of Interest1

• Experiments suggest BO breakdown in LiH, no
beyond-BO studies exist for solids, quantum
mechanical nuclei within BO leave a discrepancy.

• High-Tc hydride superconductors show large
unexplained gap in Tc between experiment and
theory.

• Open question on the existence of solid hydrogen,
solids of light elements in general.
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(b) H/D

⟨n⟩, H, Exp. 293 K
⟨n⟩, D, Exp. 293 K
⟨n⟩, H, pbe 293 K
⟨n⟩, H, lda 293 K
⟨n⟩, D, pbe 293 K
⟨n⟩, D, lda 293 K
nx, H and D, pbe 0 K
nx, H and D, lda 0 K

1G Vidal-Valat et al. Acta Crystallog. Sect. A 48 (1992); V. J. Härkönen. J. Phys.: Condens. Matter
38.4 (2026), p. 045501; I. A. Troyan et al. Advanced Materials 33 (2021); V. J Härkönen.
arXiv:2311.06114 (in peer review, Reports on Progress in Physics) (2023); E. Wigner and H. á. Huntington.
J. Chem. Phys. 3 (1935), pp. 764–770; W. Nellis. Phil. Mag. B 79.4 (1999), pp. 655–661;
J. M. McMahon et al. Rev. Mod. Phys. 84 (2012), pp. 1607–1653; J. M. McMahon. Phys. Rev. B 84
(2011), p. 220104; P. V. Hobbs. Ice Physics. OUP Oxford, 2010; A. Hermann, N. Ashcroft, and
R. Hoffmann. Proc. Nat. Acad. Sci. 109.3 (2012), pp. 745–750
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Overview

Coulomb Interaction

H = Te + Tn + Vee + Ven + Vnn

Schrödinger Equation

HΨ(R, r) = EΨ(R, r)

Exact Factorization3

HeΦR (r) = ϵ (R)ΦR (r)

Hnχ (R) = Eχ (R)

Green’s Functions and E-N QFT4

G (1, 2) = −i ⟨Ψ| T
{
ψ̂ (1) ψ̂† (2)

}
|Ψ⟩

G = G0 +G0ΣG

BO Approximation1

HBOΦR (r) = ϵBO (R)ΦR (r)

Hphχ (R) = Eχ (R)

BO Green’s Functions2

GBO
R (1, 2) = −i ⟨ΦR| T

{
ψ̂ (1) ψ̂† (2)

}
|ΦR⟩

GBO = GBO
0 +GBO

0 ΣBOGBO

Exact Factoriz. of Green’s Functions5

GR (1, 2) = −i ⟨ΦR| T
{
ψ̂ (1) ψ̂† (2)

}
|ΦR⟩

1. M. Born and R. Oppenheimer. Ann. Phys. (Leipzig) 389 (1927); K. Huang and M. Born. Dynamical Theory of Crystal Lattices. 1954.
2. E.K.U Gross, E. Runge and O. Heinonen, Many-Particle Theory. Adam Hilger, 1991.
3. G. Hunter. Int. J. Quant. Chem. 9 (1975); N. I. Gidopoulos and E. K. U. Gross. Phil. Trans. R. Soc. London 372 (2014).

R. Requist and E. K. U. Gross. Phys. Rev. Let. 117 (2016); A. Abedi, N. T. Maitra, E. K. U. Gross Phys. Rev. Let. 105 (2010).
4. G. Baym. Ann. Phys. (NY) 14 (1961); V. J. Härkönen, R. van Leeuwen, and E. K. U. Gross. Phys. Rev. B 101 (2020);

V. J. Härkönen J. Phys. A: Math. Theor. 57 (2024); V. J. Härkönen J. Phys. A: Math. Theor. 58 (2025);
V. J. Härkönen arXiv:2604.11858 (2026).

5. V. J. Härkönen. Phys. Rev. B 106 (2022).
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How?

• Beyond Born-Oppenheimer Python (BboPy).
• Can systematically compute quantities like

electron density and structure factors ab
initio1. Aim G = G0 + G0ΣG...

• Will be made open source.
1V. J. Härkönen. J. Phys.: Condens. Matter 38.4 (2026),

p. 045501
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Summary, 1/2026-8/2026
• Objective 1: Study of beyond-BO electron density (WP1, planned

1/2026-12/2027)2. BboPy development going well, some set backs.
Aleksi Hartikainen won the FPS Master’s Thesis Prize 2025.

• Objective 2: First beyond-BO electronic G and band structures (WP2,
planned 7/2026-7/2028). Promising. Depends on Objective 1.

• Objective 3: First beyond-BO theory of superconductivity and its
implementation (WP3, planned 1/2026-). Depends on Objectives 1 and 2.

• Objective 4: Development of (Pauli–Fierz3) QFT/GFT4,5 with photons
(WP4, planned 1/2027-). Head start.

• Objective 5: Use of our theoretical tools to study gravity5,6 (WP5, planned
7/2027-). Head start.

2V. J Härkönen. arXiv:2311.06114 (in peer review, Reports on Progress in Physics) (2023);
V. J. Härkönen. J. Phys.: Condens. Matter 38.4 (2026), p. 045501

3M. Ruggenthaler, D. Sidler, and A. Rubio. Chem. Rev. 123.19 (2023), pp. 11191–11229
4V. J. Härkönen. J. Phys. A: Math. Theor. 57.46 (2024), p. 465402
5V. J. Härkönen. arXiv:2604.11858 (2026)
6V. J. Härkönen. J. Phys.: Conference Series. Vol. 3017. 1. 2025, p. 012023
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The End

Thank You!
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