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Simulation can be useful Simulation can be hard

iS1mulate noisy spin systems with noisy spin systems|

NMR sample Quantum hardware
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Simulation utility and ditficulty

Ditticulty

Metabolomics |

Solid-state NMR ’

’ Biomolecular NMR

ESR/EPR

Utlity

1. Dynamics 1s hard
(protein NOESY, solid-state NMR)

2. Ensemble averaging
(ESR/EPR, solid-state NMR)



Computing the spectrum
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Sels - Nature Machine Intelligence (2020)




Experimental demonstration

Spectrum [arb. units]
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ZF-NMR experiment

5. I‘_ ) _Iﬁ N _
T
| J
|H_(|3 :
| J
10 - | _
| H |
5_ ]
J J 2J
2
Ol | | |
50 100 150 200 250

Frequency [HZ]

300

KS - arXiv:2109.13298



https://arxiv.org/abs/2109.13298

Ensemble averaging with discrete ancillas



Solid state NMR

Pharma relevant proterns Polymers Industrral catalysts Battery materlals

3 Simulation often necessary to infer chemical structure :

| Quantum advantages: |
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dij X (3 COS2 @ij — 1)

(1) long-range dynamics is challenging

to classically simulate

!

Can more naturally encode dynamics on

quantum computer/simulator

(2) need to average over

103-104angles
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Can do in a single pass

using 10-15 ancilla qubits



Idea: Use ancilla-controlled operations to parallelize simulation
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Ortentation averaging (stmplified)
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Two-qubit gates




Orientation averaging (full)
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* Discretize dynamics:

» Fix chemical shift term: V, (A7) = Re ™A ®02; (1 J””)SZRJr

Ug(t) = [Ug(A0)]”

Controlled version = Two-qubit gates

Etficient powder-averaged
solid-state NMR simulation!




Ensemble averaging with continuous ancilla



Electron paramagnetlc resonance (EPR)

Catalysts photc)systems molecular cc)nductors rotems in hve cell env1ronment

Simulation necessary
to infer structural change
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Can be hard due to

ensemble averaging
for spin >1/2
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High spin EPR

High-field, isotropic g-tensor, pair of electron spins with s>1/2
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l Orientations are distributed (1 parameter)

Figenvalues are distributed

(2 x 2 = 4 parameters) Distances are distributed

(1 parameter)

Need to ensemble average simulations over 6 independent parameter distributions!

i Prevents use of higher spin labels which have desirable biological properties |



Idea: Use bosonic (continuous variable) ancilla to parallelize simulation

l Boson-controlled spin interaction
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o~ " Spin dynamics
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Faithtul time-evolution: Decoherence in quantum hardware < Decoherence in NMR system

Etficient ensemble averaging: Use ancillas in a superposition
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