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• Theory

• Numerical Experiments

• Experiment

SCIENCE

APPLICATIONS

Model?

• Theory + experiment

New/better experiments 
and algorithms

New/better hardware 
and algorithms

Quantum Computer = Quantum Simulator
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Quantum Computer = Quantum Simulator

A(r, t)

B(r0, t0)

hA(r, t)B(r0, t0)i

Given some (observable) operator B at 
(r’,t’), what is the likelihood of some 
(observable) operator A at (r,t)?

Optical conductivity, X-ray scattering, 
photoemission, etc.
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Quantum Computer = Quantum Simulator

A(r, t)

B(r0, t0)

Prepare 
state of 
interest

Apply 
excitation A
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Û

B

8
>>>><

>>>>:
|0i⌦n

1

<latexit sha1_base64="RzRT9FEQ+L2nmozURwQnSt/jzK4=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsgiCUGfG2LLpxWcFeoC0lk562oZnMkGSEMi34Km5cKOLW53Dn25i2s9DWHwIf/zmHc/L7keDauO63k1laXlldy67nNja3tnfyu3tVHcaKYYWFIlR1n2oUXGLFcCOwHimkgS+w5g9uJ/XaIyrNQ/lghhG2AtqTvMsZNdZq5w9GblNR2RNITsnIS7mdL7hFdyqyCF4KBUhVbue/mp2QxQFKwwTVuuG5kWklVBnOBI5zzVhjRNmA9rBhUdIAdSuZnj8mx9bpkG6o7JOGTN3fEwkNtB4Gvu0MqOnr+drE/K/WiE33upVwGcUGJZst6saCmJBMsiAdrpAZMbRAmeL2VsL6VFFmbGI5G4I3/+VFqJ4Vvcvixf15oXSTxpGFQziCE/DgCkpwB2WoAIMEnuEV3pwn58V5dz5mrRknndmHP3I+fwAcYpT1</latexit>

|0i+ |1i



16

Quantum Computer = Quantum Simulator
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System qubits

Ancillaries

System qubits

AncillariesA(r, t)

B(r0, t0)
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Quantum Computer = Quantum Simulator
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Quantum Computer = Quantum Simulator
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Error mitigation
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Linear Response

1. Make the excitation part of the quantum simulation

2. Post-process the data to get the response functions

2302.10219
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Fourier

Choose B to create a momentum eigenstate

Su-Schrieffer-Heeger model for polyacetylene

Compressed circuit run on ibm_auckland

Linear Response -> Green’s function 2302.10219

<latexit sha1_base64="kxDM1ROSQeGS8OU4JutsEsu+Vwc="></latexit>
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Fourier

Su-Schrieffer-Heeger model for polyacetylene

Linear Response -> Green’s function 2302.10219

Choose B to create a momentum eigenstate

Compressed circuit run on ibm_auckland

<latexit sha1_base64="kxDM1ROSQeGS8OU4JutsEsu+Vwc="></latexit>

GR
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Data from noisy simulator with one/two qubit noise of 1% and 10%

Linear Response -> Green’s function 2302.10219
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Linear Response -> Polarizability

Data from statevector simulator

2302.10219



Linear Response

● Ancilla free

● Momentum and frequency selectivity

● Both bosonic and fermionic correlators

● More noise robust compared to existing methods

2302.10219

E. Kökcü, H.Labib, J.K. Freericks, AFK., arXiv:2302.10219
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HPC + QC

All is not well in QC…
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According to the authors: No.
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HPC + QC

All is not well in QC…

☹ Barren Plateaus (optimization, pure math, statistics, error mitigation)

☹ No quantum advantage for chemistry (quantum chemistry)

☹ Need at least n3 speedup to overcome Quantum Error Correction overhead

☹ Quantum Error Correction can require heavy classical compute resources (algorithm optimization)

☹ Compiling Quantum Circuits is (NP-) hard (compilers, graphical calculi)
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