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Algorithm 1 Pseudocode of the HiUCCSD method for constructing symmetry-respecting ansatz.

1: Input a coupled-cluster excitations T̂ and the second-quantized molecular Hamiltonian.
2: For each possible excitation operator t̂ in T :
3: If the coefficients (electronic integrals) of t̂ in the Hamiltonian is zero:
4: Remove t̂ from T .

5: Construct the symmetry-respecting ansatz eT̂−T̂†
by the reduced T̂ .

Since the integration domain of electronic integrals
spans the entire spatial range, symmetry transformations
do not alter the value of the integrals. Mathematically,
this invariance is expressed as:

hp
q = ÔRh

p
q , hpq

rs = ÔRh
pq
rs . (14)

Applying the symmetry transformation operator ÔR

to the one-electron integral hp
q , we derive:

ÔRh
p
q =

∫
dxÔR

[
ϕ∗
p(x)

(
−∇2

2
−
∑
I

ZI

|r−RI |

)
ϕq(x)

]

=

∫
dxÔRϕ

∗
p(x)

[
ÔR

(
−∇2

2
−
∑
I

ZI

|r−RI |

)
Ô†

R

]
ÔRϕq(x)

=γR
pγ

R
q

∫
dxϕ∗

p(x)

(
−∇2

2
−
∑
I

ZI

|r−RI |

)
ϕq(x)

=γR
pγ

R
q h

p
q .

(15)

In the second step, we use the invariance of the one-
electron Hamiltonian under symmetry transformations:

ÔR

(
−∇2

2
−
∑
I

ZI

|r−RI |

)
Ô†

R=−∇2

2
−
∑
I

ZI

|r−RI |
. (16)

Combining the invariance condition hp
q = ÔRh

p
q with

the derived expression yields hp
q = γR

p γ
R
q h

p
q . If ϕp and ϕq

belong to different irreps, there exists at least one sym-
metry operation R such that γR

p γ
R
q = −1. Substituting

this into the equation gives hp
q = −hp

q , which directly
implies hp

q = 0.
Following a similar derivation, for the two-electron in-

tegral hpq
rs :

ÔRh
pq
rs=

∫
dx1dx2ÔR

[
ϕ∗
p(x1)ϕ

∗
q(x2)

1

|r1−r2|
ϕr(x2)ϕs(x1)

]
=

∫
dx1dx2

(
ÔRϕ

∗
p(x1)

)(
ÔRϕ

∗
q(x2)

)
·
(
ÔR

1

|r1−r2|
Ô†

R

)(
ÔRϕr(x2)

)(
ÔRϕs(x1)

)
=γR

pγ
R
q γ

R
r γ

R
s

∫
dx1dx2ϕ

∗
p(x1)ϕ

∗
q(x2)

1

|r1−r2|
ϕr(x2)ϕs(x1)

=γR
pγ

R
q γ

R
r γ

R
s hpq

rs .
(17)

Here, we utilize the invariance of the Coulomb repulsion
term under spatial symmetry transformations:

ÔR
1

|r1−r2|
Ô†

R =
1

|r1−r2|
. (18)

From the invariance condition hpq
rs = ÔRh

pq
rs , we ob-

tain hpq
rs = γR

p γ
R
q γ

R
r γ

R
s h

pq
rs . If the direct products of or-

bitals ϕp ⊗ ϕq and ϕr ⊗ ϕs belong to different irreps,
there exists at least one symmetry operation R such that
γR
p γ

R
q γ

R
r γ

R
s = −1. This leads to hrs

pq = −hrs
pq, hence

hrs
pq = 0.
In summary, we can draw the conclusion that, within

an Abelian point group, the electronic integrals in the
Hamiltonian will vanish if the corresponding excitation
operators violate the point group symmetry require-
ments.

Based on the above established theorem, we propose
the HiUCCSD method, whose pseudocode is presented
in Algorithm 1. Specifically, HiUCCSD systematically
prunes redundant excitation operators from the input
coupled-cluster excitation operator T̂ , by filtering out
those excitation operators linked to zero-valued coeffi-
cients (i.e., electronic integrals) in the Hamiltonian. The

reduced form of T̂ is then employed to construct the

ansatz operator eT̂−T̂ †
.

Notably, unlike SymUCCSD, the HiUCCSD ansatz
does not require the consideration of molecular structure
and point group during implementation, but instead only
leverages the intrinsic information of the Hamiltonian.
Since the Hamiltonian is already calculated in the early
steps of the VQE algorithm implementation, this algo-
rithm incurs almost no additional computational cost.

III. NUMERICAL RESULTS

In this section, PySCF [41] is utilized to calcu-
late electronic integrals and identify the point groups
of molecules, while MindSpore Quantum [42] is em-
ployed to perform second quantization, Jordan-Wigner
transformation, and quantum circuit simulations. The
qubit-excitations scheme [35, 43] is adopted for imple-
menting fermionic excitation operators. All calcula-
tions are performed with the minimal STO-3G basis set
without considering frozen orbitals, and all optimiza-
tion procedures employ the Broyden-Fletcher-Goldfarb-
Shanno (BFGS) algorithm [44] in the SciPy Python
package [45]. The UCCSD ansatz is constructed using
spin-complemented single- and double-excitation oper-
ators, and all simulations in this study are conducted
under idealized conditions where both sampling noise
and hardware-induced noise are neglected. The code
and data supporting this study are publicly available
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