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N-Body Problem
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Example: 2-Body Hamiltonian

Many-Body Physics: Splitting the Task

JSK, Schleich, Tamayo-Mendoza, Aspuru-Guzik. J.Chem.Phys.Lett. 2021



effective one/two-body problems
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determine φk

qubit encoding

|1001� → φ0 and φ3 occupied with an electron

Example:

solve for ground state

effective one/two-body problems
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Example: 2-Body Hamiltonian

Many-Body Physics: Splitting the Task

feedback: refine V (x,φ)

JSK, Schleich, Tamayo-Mendoza, Aspuru-Guzik. J.Chem.Phys.Lett. 2021



Many-Body Physics: Splitting the Task

Traditional Approach

Advantages

Drawbacks

- fast integrals

- well established

- no black-box

- inconvenient (many excisting basis sets per atom)

- more qubits necessary

- undetermined numerical error



Many-Body Physics: Splitting the Task

- inconvenient (many excisting basis sets per atom)

...

- undetermined numerical error



Many-Body Physics: Splitting the Task

Advantages

Drawbacks

System-Adapted Approach

- defined numerical error

- can be treated as black-box

- low qubit numbers

- not well established

formal scaling is often better though

- comparably high classical computational cost

JSK, Schleich, Tamayo-Mendoza, Aspuru-Guzik. J.Chem.Phys.Lett. 2021

https://aspuru.substack.com/p/bits-are-cheap-and-qubits-expensive

high-level blog article:



Direct 2-body approach: JSK, F. A. Bischoff, J. Chem. Theo. & Comp. 2018

JSK, F. A. Bischoff, E. F. Valeev. J. Chem. Phys. 2020

System Adapted Approach: Behind the Scenes

R.J. Harrison et.al SIAM 2016

Review (classical methods): F.A. Bischoff Adv. Quant. Chem. 2019

1 Dimensional Example

github/madness

Harrison et. al. 
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Classical Domain



System-Adapted Approach

JSK, Schleich, Tamayo-Mendoza, Aspuru-Guzik. J.Chem.Phys.Lett. 2021

https://aspuru.substack.com/p/bits-are-cheap-and-qubits-expensive

high-level blog article:

Traditional Approach

Basis-Set-Free Quantum Chemistry: Performance



what about the wavefunction model?

one way forward: quantum circuits



Task: Implement a unitary evolution

G is Hermitian 1 or 2 qubit operator

U = eiθG

θ ∈ R free parameter
X
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Quantum Circuits

Can be automatically differentiated

pioneers: M. Schuld et.al PRA 2019, Pennylane

Optimizing quantum circuits: VQE (McClean et.al.) and QAOA (Farhi et.al.)



Tequila: High Level Environment

JSK, S. Alperin-Lea, A. Cervera-Lierta, T. Tamayo-Mendoza, et. al. Quant. Science & Technology 2021 

API inspired by madness library



concept



high level code

concept

Example:



high level code

concept

Example:
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Tequila: High Level Environment



Some Development Examples



gradient cost for n electron excitation

Development Example: Advanced Gradients for Quantum Chemistry

generalizable

follow-ups:

Izmaylov et.al. 2021

Anselmetti et.al. 2021

Wierichs et.al. 2021

JSK, A. Anand, A. Aspuru-Guzik. Chemical Science 2021

Basic building blocks for Unitary Coupled-Cluster

recent review: A. Anand et.al. 2021



High level circuit design through physical principles

Development Example: Separable Pair Approximations

JSK, A. Aspuru-Guzik, Arxiv:2105.03836, 2021

exploit physical insight



High level circuit design through physical principles

separated pairs

→ distributed schemes

→ cheap initial states

classically simulatable

→ hybrid simulation

Development Example: Separable Pair Approximations

JSK, A. Aspuru-Guzik, Arxiv:2105.03836, 2021



High level circuit design through physical principles

Development Example: Separable Pair Approximations

JSK, A. Aspuru-Guzik, Arxiv:2105.03836, 2021



wavefunction preparation in paired sector

transfer to Jordan-Wigner

UX
HCB = UX

JWUJW
HCB

X ∈ {Bravyi-Kitaev, . . . }

quasi-local codes: Chien & Whitfield, arXiv:2009.11860

BKSF: Setia, Bravyi, Mezzacapo, Whitfield, PRR 2019

”Pairing models”, ”Hardcore-Boson”, ”Seniority-Zero”

Elfving et.al, PRA, 2021

Anselmetti, arXiv:2104.05695, 2021

combine with other approaches:

access to similar ideas:

Khamoshi, Evangelista, Scuseria, QST, 2020

explore quit connectivity

Possible Extensions

class JordanWigner(EncodingBase):
    ....
    def hcb_to_me(self, *args, **kwargs):
        U = QCircuit()
        for i in range(self.n_orbitals):
            U += X(target=self.down(i), control=self.up(i))
        return U



See also: Master thesis from Philipp Schleich (detailed introduction)

gradients, orbitals, circuits: All used in black-box fashion

Recent Developments

P. Schleich, JSK, A. Aspuru-Guzik, Arxiv:2110.06812, 2021

Explicit Correlation Robustness Intervals: Weber et.al, arXiv:2110.09793



Zack Bansingh

Maurice Weber, Arianne van den Griend 

you?

github.com/tequilahub/tequila


