Quantum computers for particle physics simulations
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Technology

Quantum computers teleport and store
energy harvested from empty space

A gquantum computing protocol makes it possible to extract energy from seemingly empty
space, teleport it to a new location, then store it for later use

By Karmela Padavic-Callaghan

By 17 September 2024

Technology

Google launches $5m prize to find
actual uses for quantum computers

Existing guantum computers can solve some problems faster than any ordinary computer,
but none of those problems has any practical use. Google and XPRIZE hope to change that

By Alex Wilkins ..
£ 4 March 2024 fﬁ Quanta
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Scientists finally discover what's inside a
black hole

Physicist Enrico Rinaldi used quantum computing and computer
learning to describe what is believed to be the interior of a black
hole.

JOSEPH SHAVIT

Physicists Create a Holographic
Wormbhole Using a Quantum Computer

1ne unprecedented experiment exptores the possiDIILy that space-—
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Quantum computers

Quantum computer

system of highly
controllable qubits
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Applications of quantum computing
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Finite density
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Critical point?

Currently can’t do
non-zero density
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Sign problem: the
action S is complex-
valued.




Real time dynamics

Prepare proton state
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Why not classical?

Classical representation for N qubits
requires 2" complex numbers.

Bosonic QFTs have infinite-dimensional
Hilbert space

Naive estimate for QCD (my own):
N =~ 50-10°

Unfeasible for large N

Need a method to
truncate Hilbert space
(lots of literature)
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Toy model: 1+1 dimensional Abelian gauge theory  From Papaefstathiou et al (2024)
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Error mitigation example: zero noise extrapolation

/

/

Idea:

1) increase noise artificially
2) extrapolate to “no noise”
(not necessatrily linear)
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Unmitigated value

Expectation value

Mitigated valuey¢ . Exact value

Noise amplification factor

From Qiskit Github



Conclusions




