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Quantum Chemisty + Tensor 
Network

Quantum Chemisty + 
Quantum Optimization

Blends tensor network techniques with quantum variational 
algorithms to efficiently compute molecular ground-state 

wavefunctions.
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Quantum Chemistry: Choose a parametrized 
wavefunction ansatz 𝑈(𝜃) and optimize it:

E0 = argmin
𝜃

ቚȁΨ0 𝑈
dag(𝜃)H𝑈(𝜃) Ψ0

Bottleneck is choosing a good choice for 𝑈(𝜃):
→ Too expressive: Barren plateaus
→ Not expressive enough: can’t reach ground state

In the paper, they develop a new way to construct 
𝑈(𝜃) :

𝑈(𝜃) = 𝑈𝑐𝑙𝑖𝑓𝑓𝑜𝑟𝑑𝑉(𝜃)

where 𝑈𝑐𝑙𝑖𝑓𝑓𝑜𝑟𝑑 is constructed by leveraging 
approximate Clifford symmetry (Qubit tapering). It 
is classically efficient to implement, capture a 
huge chunk of the physics upfront, reduces the 
effective problem size.
𝑉(𝜃): A dynamically simpler parametrized unitary

So, in the end, you end up with something that is 
significantly easier to optimize over!

How to construct 𝑈𝑐𝑙𝑖𝑓𝑓𝑜𝑟𝑑:

From Qubit Tapering, start with a chemistry system with 
Hamiltonian given by (Pauli basis):

𝐻 = σ𝑖 𝑐𝑖 𝑃𝑖
There exists a symmetry group: 𝑆 = 𝜏1, 𝜏2, … , 𝜏𝑛_𝑠𝑦𝑚 =

𝐼, 𝜎𝑥 , 𝜎𝑦, 𝜎𝑧 ⊗𝑛 that commutes with each term of the 
Hamiltonian: 𝜏, 𝑃𝑖 = 0 ∀𝑖. 

This means that eigenvectors of H, like the ground state, is 
also an eigenvector of 𝜏 with eigenvalues ±1. So you can 
organize the Hamiltonian in 2n_sym blocks, where each block 
are labeled by a unique set of ±1 ⊗𝑛_sym eigenvalues! 

The idea of qubit tapering is to assign the parity symmetry 
generated by 𝜏j to the state of qubit 𝑞(𝑗) using the Clifford 
transformation:

𝐶𝑡𝑎𝑝𝑒𝑟𝑖𝑛𝑔 =
1

2
(𝜎𝑞(𝑗)

𝑥 + 𝜏𝑗)

thus:  𝐶𝑡𝑎𝑝𝑒𝑟𝑖𝑛𝑔
𝑑𝑎𝑔

𝜏𝑗𝐶𝑡𝑎𝑝𝑒𝑟𝑖𝑛𝑔 = 𝜎𝑞(𝑗)
𝑥  and thus the state of qubit 

𝑞(𝑗) encodes the eigenvalue ±1 of the symmetry operator. 
Qubit 𝑞(𝑗) is now fixed and can be removed from the 
simulation. The final ground state will thus be given by:

ൿหΨ0 = ෑ

j=1

n_sym,

ۧȁ± q(j) ⊗ ۧȁΨ
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The novel feature here is to construct these Clifford 
transformations hierarchically by compressing the 
Hamiltonian:

𝐻𝜀 = ෍

𝑖: ℎ𝑖 ≥𝜀

ℎ𝑖𝑃𝑖

The Clifford symmetry group of this Hamiltonian 
becomes larger 𝑆 ⊆ 𝑆𝜀:

𝑆𝜀 = τj j=1,…n_sym
∪ τj

ε

j=1,…nε-n_sym

Thewhere τj
ε are approximate symmetry of the full 

Hamiltonian H. The idea is that they approximately 
block-diagonalize H. 

𝐻' = 𝐶𝑑𝑎𝑔(𝜀) 𝐻 𝐶(𝜀)

where 𝐶(𝜀) = Ctapering ςj=1
n_ε-n_sym,

Cj
ε

The goal is to build this as a hierarchy of 𝜀m .
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Results: Both figures show that the change 
of basis reorganizes the quantum state into 
a simpler form: the overall entanglement is 
significantly reduced (top fig), and 
correlations between qubits become more 
local (bottom fig). As a result, the 
wavefunction becomes easier to represent 
and optimize, which explains the improved 
performance of even simple ansätze.
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Results: The change-of-basis leads to improved optimization 
performance even when using naïve ansatz (hardware-
efficient ansatz).

Conclusion: When you incorporate problem structure into your basis representation, you can turn a hard quantum 
optimization problem into a much simpler one. This paper describes an efficient way to do this for chemistry 
problems. 5
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