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Quantum chemistry
Quantum many-body problem 
● Eigenvalue problem 

● Second quantization

HΨ = EΨ



Quantum chemistry
(Local) Basis functions 
● One-electron integral 

● Two-electron integrals



Quantum chemistry
Density matrices 
● Density matrix 

● Mixed, pure, ensemble 
● Normalization

ρ = ∑
k

ηk |ψk⟩⟨ψk |

0 ≤ ηk ≤ 1



Quantum chemistry
Density matrices (mixed basis) 
● One-body reduced density matrix

ρ = ∑
ij

ρij | i⟩⟨j |

ρij = ⟨Ψ | ̂c†
iσ ̂cjσ |Ψ⟩



Quantum chemistry
Natural orbitals 
● Diagonalization of the density matrix 

● Löwdin (1955)

ρ(α) → {ε(α)
k }, {Φ(α)

k }



● Density matrix of a subsystem

Truncation

• Truncation of small weights



Bundled density matrices
Independent density matrices 
● No restrictions on types
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Formal definitions
Density matrices 
● Expectation values 

● Energy differences 

● Truncation error



Relationship between density matrices

Metric distance:

Also a metric distance 
(Local systems)



How local is nature? (Everything is local)
● Area law 

● Kohn’s principle of nearsightedness

T.E. Baker, et. al., Can. J. Phys. 99, 4 (2021)

ibid, arxiv: 1911.11566 

{exp(−x /ξ) gapped
1/xγ gapless

Hilbert space

Local



Entanglement

● Good for volume law scaling systems 

● Gapless systems

k

E



Entanglement renormalization

● Matrix product state (MPS) 

● Bundled MPS

T.E. Baker, A. Foley, D. Sénéchal, arxiv: 2109.08181

T.E. Baker, et. al., Can. J. Phys. 9, 207 (2021)



Bundled matrix product states in DMRG



Easy to Read Diagrams

Contraction



Density matrix renormalization group
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Density matrix renormalization group
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Efficient description of entangled states for excitations

T.E. Baker, A. Foley, D. Sénéchal, arxiv: 2109.08181



Efficient description of entangled states for excitations

T.E. Baker, N. Seif, coming soon



Conclusion
● Bundled density matrices 

● Independent 
● Small energy states are similar 
● Novel truncation properties 

● Well suited to 
● Gapless systems 
● Volume law entanglement

DMRjulia








