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Abstract

In adiabatic quantum computation (AQC), or quantum annealing (QA), the goal is to find the ground state of a many-body Hamiltonian
Hp, starting from the simple ground state of a transverse field potential HTF. A fast evolution with the time-dependent Hamiltonian
H0(s) = (1− s) HTF + s Hp renders the system robust against decoherence and thermal noise but can cause diabatic transition towards
excited states. Adding a counterdiabatic (CD) potential HCD to the original Hamiltonian can suppress Landau-Zener excitations and
drive the system towards the correct target state, improving the efficiency of QA. The variational approach to CD driving can help us
build approximate CD operators that are more viable experimentally than the exact CD potential.

Exact counterdiabatic driving

HCD(t) = ṡ(t) ∑
n 6=m

〈En(s)|∂sH0(s)|Em(s)〉
En(s)− Em(s)

|En(s)〉〈Em(s)|

• Nonlocal
• Needs the exact spectrum in advance
• Poorly defined around Quantum Phase Transitions
• Useless for practical purposes!
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Variational approach

HCD(t) = ṡ(t)As(t)

[i ∂sH0− [As, H0] , H0] = 0 Gs(As) = ∂sH0 + i [As, H0]

S(As) = tr
[
G2

s (As)
] δS(As)

δAs
= 0

Local ansatz

As(t) =
l

∑
k=1

αk(t)Lk

Lk ∈ { { σα
i } , { σα

i σ
β
j } , . . . }

α, β ∈ { x, y, z } i, j ∈ { 1, . . . , N }

Nested commutator (NC)

A(l)
s (t) = i

l

∑
k=1

αk(t)O2k−1(t)

Ok =

{
∂sH0 k = 0
[H0,Ok−1] k > 0
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Application: ferromagnetic p-spin model

HTF = −Γ
N

∑
i=1

σx
i

Hp = −JN

(
1
N

N

∑
i=1

σz
i

)p
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Results for p = 3: the cyclic ansatz (CA)

L1 = Sy L2 = S3
y L3 = SxSySz + SzSySx
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Finite-range and random models

Finite-range p-spin model

Hp = −
1

Np−1 ∑
i1,...,ip

J
dν

i1,...,ip

σz
i1
· · · σz

ip

ν

{
= 0 infinite-range
> 0 finite-range
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Random model

J → K =

{
J probability PJ

0 probability 1− PJ

PJ = 1: standard model
(dashed line)
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Conclusions

• The NC ansatz can improve the annealing performance of the p-spin model
• Its efficiency is bound to decrease in the thermodynamic limit
• For p = 3, the cyclic ansatz is a viable alternative
• The CA yields optimal fidelity independently of the system size
• Analyzing finite-range and random models can provide some insights into

the efficiency of the CA

mailto:gianluca.passarelli@unina.it
mailto:gianluca.passarelli@unina.it
https://iopscience.iop.org/article/10.1088/1751-8113/42/36/365303/meta
https://www.pnas.org/content/114/20/E3909
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.090602
https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.2.013283
http://www.fisica.unina.it
https://www.spin.cnr.it
https://www.researchgate.net/profile/Gianluca_Passarelli2
https://orcid.org/0000-0002-3292-0034
https://scholar.google.com/citations?user=B68EAq8AAAAJ&hl=it
https://www.linkedin.com/in/gianluca-passarelli/

