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Quantum simulation of collective neutrino oscillations

H =
∑
i

ωiB⃗ · σ⃗i +
µ

2N

∑
i<j

Jij σ⃗i · σ⃗j

with only 2 flavors direct map to spin 1/2 degrees of freedom (qubits)

only one- and two-body interactions ⇒ only O(N2) terms

all-to-all interactions are difficult with reduced connectivity

SWAP network SWAP qubits every time we apply
time-evolution to neighboring terms

in N steps we perform full evolution
using only

(
N
2

)
two qubit gates

NOTE: final order will be reversed

Kivlichan et al. PRL (2018)

B.Hall, AR, A.Baroni, J.Carlson PRD(2021)
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N=4 on IBM (2021)

B.Hall et al. PRD(2021)

N=8 on Quantinuum (2023)

V.Amitrano et al. PRD(2023)

N=12 on Quantinuum (2023)

Illa & Savage PRL(2023)

N≥48 on IBM (now)

O.Kiss et al. (coming soon)
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Opportunities for QUART&T

Exploiting the low level control on QUART&T devices we could

perform full analog simulations for simple geometries [?]

perform hybrid analog digital simulations obtaining
useful depth reductions if we could implement

Unice(i, j, θ) = exp(iθσ⃗i · σ⃗j) ≡ exp(i2θSWAPij)

really useful depth reductions if we could implement

Ureally−nice(θ⃗) = exp(i
∑
i,j

θijZiZj)

study 3 flavor problem on qutrits [more efficiently than now ?]

L.Spagnoli, N.Goss et al. (coming soon)
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