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Abstract

We report a quantum simulation of the deuteron binding energy on quantum processors accessed via
cloud servers. We use a Hamiltonian from pionless effective field theory at leading order. We design a
low-depth version of the unitary coupled-cluster ansatz, use the variational quantum eigensolver algorithm,
and compute the binding energy to within a few percent. Our work is the first step towards scalable nuclear
structure computations on a quantum processor via the cloud, and it sheds light on how to map scientific
computing applications onto nascent quantum devices.

Key words

Quantum computing
Pionless EFT

Unitary coupled-cluster (UCC)

Variational quantum eigensolver (VQE) algorithm


https://hiq.huaweicloud.com/portal/programming/hiq-composer

Quantum Computing

Bloch sphere

(8

=al0) 4810 = (§) ——

Quantum Gate & Circuit |0) + |1)
V2
Hadamard|] (H[7J) 8] (T[J)

1 |1 1 _— e 5! 0
gl 4 el

802 (SI]) Pauli-X[J (X[ 7J) Pauli-YiJ (Y[7J) Pauli-Z[] (Zi])




i
R L EES ST

Quantum Gate & Circuit, Cont’d

Rx|]

Ziz3E] (CNOTI))

CONT =

oo o -
o o = O
= oo O
o= o O

Ry’

input  output
Xy X y+x
|0} 0} [0) [O)
|0} 1) [0) [1)
|1) [0} [1) [1)
1) 11) |1} |0}

Circuit Sample: Bell State

100) = [0)qo ® [0)q1

Qo

Q1

~ (De)coherence

Interference

L Measurements

s
@)
<

error

Uncertainties

|+0)

B i son
00y 50




(GRS L LEERELY S _ Pionless EFT & CC

Pionless EFT in momentum-space pnysrevC98(2018)054301
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Construction of initial variational state
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Results of //; , Noise estimator
Ansatz: E(p) = (1 —¢€)p + el /4
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E from exact diagonalization

N Ey O(e ) O(kLe™L) O(e*L)
2 —1.749 -2.39 -2.19
3 —2.046 —2.33 —2.20 —2.21

E from quantum computing
N Ey O(e™2k) O(kLe™E) O(e L)
2 —1.74(3) —2.38(4) —2.18(3)

3 —2.08(3)  -235(2)  -221(3) —2.28(3)
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