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ADAPT-VQE
1. (Regular) variational quantum eigensolver :


➡ Parametrized, trial wave function (hardware efficient / physics inspired)


➡ Optimize cost function: 


2. Adaptive VQE:


1. Choose a pool of operators: 


2. Start from reference state: 


3. Add operator from the pool with the largest gradient: 

, with maximum 


4. Optimize all parameters: 

EADAPT = min
θk

⟨Ψ(θk) |H |Ψ(θk)⟩
⟨Ψ(θk) |Ψ(θk)⟩

Ak = i(a†
pa†

qaras − a†
r a†

s apaq)

|ψ0⟩ = a†
i1
…a†

iNp
|0⟩

|ψ(θ1)⟩ADAPT = eiθ1A1 |ψ0⟩
∂E(n)

∂θk θk=0

|ψ(θk)⟩ADAPT =
n

∏
k=1

eiθkAk |ψ0⟩
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q0 |0i X • •

q1 |0i

q2 |0i H • • H • •

q3 |0i X H • • H • H •

q4 |0i R
†
x • • Rx

q5 |0i H Rz(✓) H

e−i θ
2 X2X3Y4X5a†

0 a†
3 |0⟩

M

O(Nq)O(1) O(1)

2. Each ansatz layer implemented 
with the staircase algorithm:
e−θ(a†

pa†
qaras−a†

r a†
s apaq) = e−i θ

2 X2X3Y4X5

× (…)

3. Measurement

➡  
 

➡

q0 |0i X • •

q1 |0i

q2 |0i H • • H • •

q3 |0i X H • • H • H •

q4 |0i R
†
x • • Rx

q5 |0i H Rz(✓) H

q0 |0i X • •

q1 |0i

q2 |0i H • • H • •

q3 |0i X H • • H • H •

q4 |0i R
†
x • • Rx

q5 |0i H Rz(✓) H

h = a†
pa†

qaras + a†
r a†

s apaq

∝ |0011⟩⟨1100 | + |1100⟩⟨0011 |

⟨ψ |h |ψ⟩ = ⟨ψ |M†(MhM†)M |ψ⟩
= p1100 − p0011

How many layers?
How many 

measurements?

× 8 × Nlayers



Number of parameters/CNOTs needed
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quantum circuit simulation (qibo, GPUs, Marenostrum 4)



Number of circuits 
 = Nterms × Nshots × Ncalls

shell Nq Nh Nhh Total

p
6 2 10 (9) 13 (12)
12 4 109 (44) 114 (49)

sd
12 8 203 (86) 212 (95)
24 16 1389 (518) 1406 (535)

pf
20 20 1507 (570) 1528 (591)
40 40 10572 (3459) 10613 (3500)

grows as   
S = num. orbitals

O(S4)

Nterms

group into terms that 
self-commute

grows as  1
ϵ2

E

depends on 
optimizer, nucleus

reduces  a 
factor 3

Nterms
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2. Shell structure strongly 
affects entanglement


3. protons and neutrons 
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Conclusions
1. Atomic nuclei are good candidates for (digital) quantum simulation:


➡ Naturally quantized in shells & orbitals —> easily mapped to qubits


➡ Can start with light nuclei and gradually increase to heavier ones 

2. ADAPT-VQE works well to simulate nuclear ground states


➡ Polynomial scaling with the size of the nuclear shell


➡ No barren plateaus!


➡ Adapts well to quantum hardware


➡ Fidelity and entropies well reproduced



Conclusions
1. Atomic nuclei are good candidates for (digital) quantum simulation:


➡ Naturally quantized in shells & orbitals —> easily mapped to qubits


➡ Can start with light nuclei and gradually increase to heavier ones 

2. ADAPT-VQE works well to simulate nuclear ground states


➡ Polynomial scaling with the size of the nuclear shell


➡ No barren plateaus!


➡ Adapts well to quantum hardware


➡ Fidelity and entropies well reproduced



Conclusions
1. Atomic nuclei are good candidates for (digital) quantum simulation:


➡ Naturally quantized in shells & orbitals —> easily mapped to qubits


➡ Can start with light nuclei and gradually increase to heavier ones 

2. ADAPT-VQE works well to simulate nuclear ground states


➡ Polynomial scaling with the size of the nuclear shell


➡ No barren plateaus!


➡ Adapts well to quantum hardware


➡ Fidelity and entropies well reproduced

other recent work:

quantum simulation for graphene 

PRA 106, 052408 (2022) 

check Maria Cea’s poster

ultracold gases in digital QC

preprint at:

arXiv:2302.03641


