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• Quantum Ma)er meets Quantum Compu0ng

• Response func0ons
• Why we care
• How do find them

• A different paradigm: Making the experiment part of the simula0on via 
linear response

• Beyond Quantum Simula0on

Brief outline
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Bespoke quantum simulator Digital algorithms
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Bespoke quantum simulator Digital algorithms
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1. Can classical physics be simulated by a classical computer?

2. Can quantum physics be simulated by a classical computer? 

3. Can physics be simulated by a quantum computer?

4. Can a quantum simulation be universal?
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1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?

NASA
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Wikipedia, h7ps://fluids.eng.sydney.edu.au/computer-codes/

1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?
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1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?
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DOI: 10.1126/science.aar2711

1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?

https://doi.org/10.1126/science.aar2711
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✔1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?
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2. Can quantum physics be simulated by a classical computer? 

Magnetite [Fe2+(Fe3+)2(O2-)4]



17

2. Can quantum physics be simulated by a classical computer? 

50 spins = ? states

a) 1,000 – 10,000
b) 10,000 – 1,000,000
c) 1,000,000 – 1,000,000,000
d) More than 1,000,000,000
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2. Can quantum physics be simulated by a classical computer? 

50 spins = 1,125,899,906,842,624 states

18 Petabytes of memory

1023 atoms
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2. Can quantum physics be simulated by a classical computer? 

50 spins = 1,125,899,906,842,624 states

18 Petabytes of memory

1023 atoms

✔

?

1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?
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Time-resolved experiments

Shen group (Stanford)

2. Can quantum physics be simulated by a classical computer? 



Density functional theory/GW
Exact diagonalization
Quantum Monte Carlo
Non-equilibrium Green’s functions
Matrix Product States
Tensor Networks
.
.
.

Density functional theory/GW
Exact diagonalization
Quantum Monte Carlo
Non-equilibrium Green’s functions
Matrix Product States
Tensor Networks
.
.
.

2. Can quantum physics be simulated by a classical computer? 
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Non-Equilibrium Green’s functions Time domain DMRG Time domain ED
Johnston & Kemper, unpublishedPhys. Rev. Le+. 93, 076401 (2004)Phys. Rev. X 8, 041009 (2018)

2. Can quantum physics be simulated by a classical computer? 
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Non-Equilibrium Green’s functions Time domain DMRG Time domain ED
Johnston & Kemper, unpublishedPhys. Rev. Le+. 93, 076401 (2004)Phys. Rev. X 8, 041009 (2018)

All these techniques eventually reach a barrier.

2. Can quantum physics be simulated by a classical computer? 
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✔1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?

50 spins = 1,125,899,906,842,624 states

?
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✔

?

50 spins = 50 qubits
1. Can classical physics be simulated by a classical 

computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?
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Quantum Matter meets Quantum Computing



3. Can quantum physics be simulated by a quantum computer? 

Variational Principle:

<latexit sha1_base64="FnRVW4M0ZWnp25nBfpuOESn6R2Y=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJCMoadTkzTp6Rm6e5Qw5j+8eFDEq//izb+xsxw08UHB470qquoFieDauO63k1taXlldy68XNja3tneKu3t1HaeKYY3FIlbNgGoUXGLNcCOwmSikUSCwEQyux37jAZXmsbwzwwT9iPYkDzmjxkr3T6Sd9DlpKyp7AjvFklt2JyCLxJuREsxQ7RS/2t2YpRFKwwTVuuW5ifEzqgxnAkeFdqoxoWxAe9iyVNIItZ9Nrh6RI6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIwjIF2ukBkxtIQyxe2thPWposzYoAo2BG/+5UVSPyl75+Wz29NS5WoWRx4O4BCOwYMLqMANVKEGDBQ8wyu8OY/Oi/PufExbc85sZh/+wPn8AQ5xkj4=</latexit>

|�i

Wave function guess:

<latexit sha1_base64="258fpRk8JaJHWjYLZWmP9ovOE5U=">AAACDHicbVC7SgNBFJ31GeMramkzGASrsCu+yqCNZQTzgOwSZid3kyGzD2buCmHJB9j4KzYWitj6AXb+jZPNFpp4YOBwzrncucdPpNBo29/W0vLK6tp6aaO8ubW9s1vZ22/pOFUcmjyWser4TIMUETRRoIROooCFvoS2P7qZ+u0HUFrE0T2OE/BCNohEIDhDI/UqVVdCgK70FeNAXRwCsp6grhKDIboql03Krtk56CJxClIlBRq9ypfbj3kaQoRcMq27jp2glzGFgkuYlN1UQ8L4iA2ga2jEQtBelh8zocdG6dMgVuZFSHP190TGQq3HoW+SIcOhnvem4n9eN8XgystElKQIEZ8tClJJMabTZmhfKOAox4YwroT5K+VDZgpA01/ZlODMn7xIWqc156J2fndWrV8XdZTIITkiJ8Qhl6RObkmDNAknj+SZvJI368l6sd6tj1l0ySpmDsgfWJ8/Bfabng==</latexit>

{✓i}

+



3. Can quantum physics be simulated by a quantum computer? 

10.1038/nature23879

Cost function: Energy of the molecular configuration



Wave function guess:

Single Qubit Gates Two Qubit Gate

+

*Actual Gates
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✔

?

50 spins = 50 qubits

✔

1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a 
classical computer? 

3. Can physics be simulated by a quantum 
computer?
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Prepare state of interest Time evolve

A-Z quantum simulation

Dynamical response functions

• Physics-Informed 
Subspace Expansions

• Lie-algebraic methods 
for time evolution

• Open quantum system 
evolution

• Neutron scattering (magnon) 
spectra

• Open quantum system Green’s 
functions

• Dynamical Mean Field Theory

Classical post-processing 
techniques
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Q: What do you do with a quantum 
state once you’ve prepared one?
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Ising Model Heisenberg model

10.1039/c6cp02362b Materials project

https://doi.org/10.1039/c6cp02362b
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Ising Model Heisenberg model

<latexit sha1_base64="bddcVgD6l0qc2HYmSTjBObZYgJw="></latexit>
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<latexit sha1_base64="BT2Xv0l5mbmTwHIBNovUE4Wpguw="></latexit>
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Ising Model Heisenberg model

<latexit sha1_base64="bddcVgD6l0qc2HYmSTjBObZYgJw="></latexit>

H = �J
X

i

�z
i �

z
i+1 + hx

X

i

�x
i

<latexit sha1_base64="BT2Xv0l5mbmTwHIBNovUE4Wpguw="></latexit>

H = �J
X

i

~�i · ~�i+1 + hx

X

i

�x
i

OpKmizaKon of the VariaKonal Quantum Eigensolver for 
Quantum Chemistry ApplicaKons

https://www.researchgate.net/publication/349025671_Optimization_of_the_Variational_Quantum_Eigensolver_for_Quantum_Chemistry_Applications
https://www.researchgate.net/publication/349025671_Optimization_of_the_Variational_Quantum_Eigensolver_for_Quantum_Chemistry_Applications
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Ising Model Heisenberg model

<latexit sha1_base64="bddcVgD6l0qc2HYmSTjBObZYgJw="></latexit>
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<latexit sha1_base64="BT2Xv0l5mbmTwHIBNovUE4Wpguw="></latexit>
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Ising Model Heisenberg model

10.1039/c6cp02362b Materials project

https://doi.org/10.1039/c6cp02362b
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Q: What do you do with a quantum 
state once you’ve prepared one?

A: You measure its excitations.
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Measuring Excitations

Angle-resolved Photoemission 
(ARPES)

Neutron Scattering Time-resolved ARPES

Figures courtesy of 
Devereaux/Shen group 
and ORNL
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Measuring Excitations
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Ising Model Heisenberg model

<latexit sha1_base64="bddcVgD6l0qc2HYmSTjBObZYgJw="></latexit>

H = �J
X

i

�z
i �

z
i+1 + hx

X

i

�x
i

<latexit sha1_base64="BT2Xv0l5mbmTwHIBNovUE4Wpguw="></latexit>

H = �J
X

i

~�i · ~�i+1 + hx

X

i

�x
iˆ =

P
( � cos( ))ˆ†ˆ =

P
~! ˆ ˆ =

P
( � cos( ))ˆ†ˆ =

P
~! ˆ

Measuring Excitations
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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)?

Op=cal conduc=vity, X-ray scaCering, 
photoemission, etc.
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Quantum Computer = Quantum Simulator

A(r, t)

B(r0, t0)

Prepare 
state of 
interest

Apply 
excitation A

<latexit sha1_base64="jGPmA4CH4Pqc8n17SgHAhdxPc7o="></latexit>

eiE0th�0|Be�iHtA|�0i

Time
evolve

Apply 
excitation B

Complete 
expectation 
value

Interfere 
with 
ground 
state

|0i H • •

ÛS Û
A e

�iHt
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



44

|0i H • •

ÛS Û
A e

�iHt
Û

B

8
>>>><

>>>>:
|0i⌦n

1

System qubits

Ancillaries

Raw data (2019)

ˆ =
P

( � cos( ))ˆ†ˆ =
P

~! ˆ

Correlation functions
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|0i H • •

ÛS Û
A e

�iHt
Û

B

8
>>>><

>>>>:
|0i⌦n

1

System qubits

Ancillaries

Raw data (2019)

Error mitigation

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

Correlation functions
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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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Linear Response

<latexit sha1_base64="KDVfp0prLJMRQw4P5zf3AeUeiT4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEfG2EopsuK9gHNDFMppN26MwkzEyEGrLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDm7HffiBS0Vjc6VFCfI76gkYUI22kwN73ONKDMMrqeeDAK+gp2ufo/jGwK07VmQDOE7cgFVCgEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSxVJEB6iPukaKhAnys8mD+TwyCg9GMXSlNBwov6eyBBXasRD0zk+V816Y/E/r5vq6NLPqEhSTQSeLopSBnUMx2nAHpUEazYyBGFJza0QD5BEWJvMyiYEd/bledI6qbrn1bPb00rtuoijBA7AITgGLrgANVAHDdAEGOTgGbyCN+vJerHerY9p64JVzOyBP7A+fwDngJX6</latexit>

H0 = �z

<latexit sha1_base64="EgKg7JOYqKquz/xa12bKY0TwRfQ=">AAACC3icbVDLSgMxFM3UV62vUZduQovgqsyIr41Q68ZlBfuAdiyZNNOGJpkhyYhl6N6Nv+LGhSJu/QF3/o2ZaQVtPRA495x7yb3HjxhV2nG+rNzC4tLySn61sLa+sbllb+80VBhLTOo4ZKFs+UgRRgWpa6oZaUWSIO4z0vSHl6nfvCNS0VDc6FFEPI76ggYUI22krl3scKQHfpBcjOE5/CmqWaFon6Pb+65dcspOBjhP3CkpgSlqXfuz0wtxzInQmCGl2q4TaS9BUlPMyLjQiRWJEB6iPmkbKhAnykuyW8Zw3yg9GITSPKFhpv6eSBBXasR905kuq2a9VPzPa8c6OPMSKqJYE4EnHwUxgzqEaTCwRyXBmo0MQVhSsyvEAyQR1ia+ggnBnT15njQOy+5J+fj6qFSpTuPIgz1QBAfABaegAq5ADdQBBg/gCbyAV+vRerberPdJa86azuyCP7A+vgHjGZpV</latexit>

A = B = �x

h(t)h

A simple example: single spin with energy level difference = 2
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Linear Response

<latexit sha1_base64="KDVfp0prLJMRQw4P5zf3AeUeiT4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEfG2EopsuK9gHNDFMppN26MwkzEyEGrLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDm7HffiBS0Vjc6VFCfI76gkYUI22kwN73ONKDMMrqeeDAK+gp2ufo/jGwK07VmQDOE7cgFVCgEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSxVJEB6iPukaKhAnys8mD+TwyCg9GMXSlNBwov6eyBBXasRD0zk+V816Y/E/r5vq6NLPqEhSTQSeLopSBnUMx2nAHpUEazYyBGFJza0QD5BEWJvMyiYEd/bledI6qbrn1bPb00rtuoijBA7AITgGLrgANVAHDdAEGOTgGbyCN+vJerHerY9p64JVzOyBP7A+fwDngJX6</latexit>

H0 = �z

<latexit sha1_base64="EgKg7JOYqKquz/xa12bKY0TwRfQ=">AAACC3icbVDLSgMxFM3UV62vUZduQovgqsyIr41Q68ZlBfuAdiyZNNOGJpkhyYhl6N6Nv+LGhSJu/QF3/o2ZaQVtPRA495x7yb3HjxhV2nG+rNzC4tLySn61sLa+sbllb+80VBhLTOo4ZKFs+UgRRgWpa6oZaUWSIO4z0vSHl6nfvCNS0VDc6FFEPI76ggYUI22krl3scKQHfpBcjOE5/CmqWaFon6Pb+65dcspOBjhP3CkpgSlqXfuz0wtxzInQmCGl2q4TaS9BUlPMyLjQiRWJEB6iPmkbKhAnykuyW8Zw3yg9GITSPKFhpv6eSBBXasR905kuq2a9VPzPa8c6OPMSKqJYE4EnHwUxgzqEaTCwRyXBmo0MQVhSsyvEAyQR1ia+ggnBnT15njQOy+5J+fj6qFSpTuPIgz1QBAfABaegAq5ADdQBBg/gCbyAV+vRerberPdJa86azuyCP7A+vgHjGZpV</latexit>

A = B = �x

h(t)

Frequency

A simple example: single spin with energy level difference = 2
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Linear Response

<latexit sha1_base64="KDVfp0prLJMRQw4P5zf3AeUeiT4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEfG2EopsuK9gHNDFMppN26MwkzEyEGrLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDm7HffiBS0Vjc6VFCfI76gkYUI22kwN73ONKDMMrqeeDAK+gp2ufo/jGwK07VmQDOE7cgFVCgEdhfXi/GKSdCY4aU6rpOov0MSU0xI3nZSxVJEB6iPukaKhAnys8mD+TwyCg9GMXSlNBwov6eyBBXasRD0zk+V816Y/E/r5vq6NLPqEhSTQSeLopSBnUMx2nAHpUEazYyBGFJza0QD5BEWJvMyiYEd/bledI6qbrn1bPb00rtuoijBA7AITgGLrgANVAHDdAEGOTgGbyCN+vJerHerY9p64JVzOyBP7A+fwDngJX6</latexit>

H0 = �z

<latexit sha1_base64="EgKg7JOYqKquz/xa12bKY0TwRfQ=">AAACC3icbVDLSgMxFM3UV62vUZduQovgqsyIr41Q68ZlBfuAdiyZNNOGJpkhyYhl6N6Nv+LGhSJu/QF3/o2ZaQVtPRA495x7yb3HjxhV2nG+rNzC4tLySn61sLa+sbllb+80VBhLTOo4ZKFs+UgRRgWpa6oZaUWSIO4z0vSHl6nfvCNS0VDc6FFEPI76ggYUI22krl3scKQHfpBcjOE5/CmqWaFon6Pb+65dcspOBjhP3CkpgSlqXfuz0wtxzInQmCGl2q4TaS9BUlPMyLjQiRWJEB6iPmkbKhAnykuyW8Zw3yg9GITSPKFhpv6eSBBXasR905kuq2a9VPzPa8c6OPMSKqJYE4EnHwUxgzqEaTCwRyXBmo0MQVhSsyvEAyQR1ia+ggnBnT15njQOy+5J+fj6qFSpTuPIgz1QBAfABaegAq5ADdQBBg/gCbyAV+vRerberPdJa86azuyCP7A+vgHjGZpV</latexit>

A = B = �x

h(t)

Frequency

|h(w)|2

A simple example: single spin with energy level difference = 2
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Su-Schrieffer-Heeger model for polyacetylene

Linear Response -> Green’s function 2302.10219

Energy

Momentum

Momentum

<latexit sha1_base64="X+EnvZjdfttzthTzBSuVQoTSn5E=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IljA720mGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHwduI3n0AbEasHHCXgR6yvRE9whlZqdUKQyK7dbqnsVtwp6CLxclImOWrd0lcnjHkagUIumTFtz03Qz5hGwSWMi53UQML4kPWhbaliERg/m947psdWCWkv1rYU0qn6eyJjkTGjKLCdEcOBmfcm4n9eO8XelZ8JlaQIis8W9VJJMaaT52koNHCUI0sY18LeSvmAacbRRlS0IXjzLy+SxmnFu6ic35+Vqzd5HAVySI7ICfHIJamSO1IjdcKJJM/klbw5j86L8+58zFqXnHzmgPyB8/kDiPaPpw==</latexit>

� = 0

<latexit sha1_base64="oEnm239zp0kgISu969ftAITyXks=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hV3xdZKgF48RzAOSJczOdpIhs7PrTK8QlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8nfjNJ9BGxOoBRwn4Eesr0ROcoZVanRAksmu3Wyq7FXcKuki8nJRJjlq39NUJY55GoJBLZkzbcxP0M6ZRcAnjYic1kDA+ZH1oW6pYBMbPpveO6bFVQtqLtS2FdKr+nshYZMwoCmxnxHBg5r2J+J/XTrF35WdCJSmC4rNFvVRSjOnkeRoKDRzlyBLGtbC3Uj5gmnG0ERVtCN78y4ukcVrxLirn92fl6k0eR4EckiNyQjxySarkjtRInXAiyTN5JW/Oo/PivDsfs9YlJ585IH/gfP4AinuPqA==</latexit>

� > 0



Su-Schrieffer-Heeger model for polyacetylene

Choose B to create a momentum eigenstate
<latexit sha1_base64="kxDM1ROSQeGS8OU4JutsEsu+Vwc="></latexit>

GR
k (t) = �i✓(t)h 0|{ck(t), c†k(0)}| 0i

Compressed circuit run on ibm_auckland

Linear Response -> Green’s function 2302.10219
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Su-Schrieffer-Heeger model for polyacetylene

Choose B to create a momentum eigenstate
<latexit sha1_base64="kxDM1ROSQeGS8OU4JutsEsu+Vwc="></latexit>

GR
k (t) = �i✓(t)h 0|{ck(t), c†k(0)}| 0i

Compressed circuit run on ibm_auckland
Fourier

Linear Response -> Green’s function 2302.10219
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Fourier

Linear Response -> Green’s function 2302.10219

Su-Schrieffer-Heeger model for polyacetylene

Choose B to create a momentum eigenstate
<latexit sha1_base64="kxDM1ROSQeGS8OU4JutsEsu+Vwc="></latexit>

GR
k (t) = �i✓(t)h 0|{ck(t), c†k(0)}| 0i

Compressed circuit run on ibm_auckland
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Linear Response -> Green’s function 2302.10219

Choose B to create a momentum eigenstate
<latexit sha1_base64="kxDM1ROSQeGS8OU4JutsEsu+Vwc="></latexit>

GR
k (t) = �i✓(t)h 0|{ck(t), c†k(0)}| 0i
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✔

?

✔

1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a 
classical computer? 

3. Can physics be simulated by a quantum 
computer?
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Bespoke quantum simulator Digital algorithms

“Evidence for the u0lity of quantum compu0ng before fault tolerance”
10.1038/s41586-023-06096-3

“Crea0on of Non-Abelian Topological Order and Anyons on a 
Trapped-Ion Processor,” arXiv:2305.03766.
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Bespoke quantum simulator Digital algorithms

Schor’s algorithm
Integer factorization
Linear solvers (HHL)
Quantum Adiabatic Optimization
.
.
.
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Bespoke quantum simulator Digital algorithms

“Fault-tolerant control of an error-corrected qubit”
10.1038/s41586-021-03928-y

Schor’s algorithm
Integer factorization
Linear solvers (HHL)
Quantum Adiabatic Optimization
.
.
.
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Problems with an unreasonably 
large solution space

Ising Model
<latexit sha1_base64="BT2Xv0l5mbmTwHIBNovUE4Wpguw="></latexit>

H = �J
X

i

~�i · ~�i+1 + hx

X

i

�x
i
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Problems with an unreasonably 
large solution space

Variational algorithms
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Problems with an unreasonably 
large solution space
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Why quantum computing?

Problems with an unreasonably 
large solution space

Efficient algorithms

h"ps://quantum-compu0ng.ibm.com/
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Why quantum computing?

Problems with an unreasonably 
large solution space

Efficient algorithms

2303.13012
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Why quantum computing?

Problems with an unreasonably 
large solution space

Efficient algorithms
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Why quantum computing?

Problems with an unreasonably 
large solution space

Efficient algorithms
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1. Can classical physics be simulated by a classical computer?

2. Can quantum physics be simulated by a classical computer? 

3. Can physics be simulated by a quantum computer?

4. Can classical physics be simulated by a quantum computer?
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Quantum Matter meets Quantum Computing

https://go.ncsu.edu/kemper-lab
! = 0 ! = 0.4 ! = 0.8 ! = 0.8 ! = 0.8
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1. Can classical physics be simulated by a classical 
computer?

2. Can quantum physics be simulated by a classical 
computer? 

3. Can physics be simulated by a quantum computer?

4. Can classical physics be simulated by a quantum 
computer?


