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Why quantum computing is becoming mature now ?

Quantum technologies/devices
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What are the promises of quantum computing?

Quantum Algorithm
11) = ’ advantage

A fundamental question is how much “computational
time” it takes to solve a problem — this is linked

0) = * to the complexity of the problem

_ . . (Church-Turing thesis, Problem complexity classification, ...)
we are interested in accelerating

to perform a calculation
Speedup can be: Quantum computers can lead to exponential speedup
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What means quantum devices today

‘ 1 There are many types of quantum computers: analog versus digital quantum computers

There are now many quantum objects one can manipulate
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What means quantum devices today

A There are ma ny types of quantum computers: analog versus digital quantum computers

Quantum machines are often themselves
many-body systems
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Target applications relevant for the IN2P3

[ A Nuclear-Science Roadmap for Leveraging Quantum Computation/Simulation
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https://arxiv.org/abs/2303.00113

Quantum computing for the description

of static and dynamical properties of atomic nuclei
Problematic and challenges
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E ® (o] ‘ © .11010
© o ® 1409
Nuclei are self-bound quantum S o o ° °° ‘1128
mesoscopic systems = . e T “li
. +— <
Nb of particles s | °_ i >'106
2 > > Pli05
2 < A <300 z : & v vEB” L Spontaneous
v B He #®8 Al
__g j A % ’ o ‘ :ge :ia,lo\'i BrOken
x 4 -] .
. 5 jf . v e :Enigf symmetries (SB)
o = T2 4 6 8 10 .
& He Number of single-particle states Sma” superfIUId
H
o © °
Symmetries /Entanglement °/ *
N .
_ Global symmetries induce o o @
Interaction .
All-to-all entanglement (particle number SB)
300 T T T T
250 repulsive i S, T’ J’ 7-‘-
o) I8 . . - Deformation can happen
Py Wy 2Teee

0 1 1 L L
50 F \/f A
-100 -

1 L L L
0.0 0.5 1.0 1.5 2.0 2.5
r (fm

) : . .
The problem is highly Nuclei are subject to entanglement volume law  (rotational invariance SB)
non-perturbative (bad candidate for Tensor Network) ces




lllustration with small superconductors

This problem is an archetype of spontaneous

symmetry breaking. An “easy” way to describe it is to break
the particle number symmetry, i.e.

consider a wave function that mixes different particle numbers

But ultimately number of
Particle should be restored !



Quantum computing for atomic nuclei

Superfluidity can be described by llustration for small superfluids
breaking particle number

Example of mixing for 12 qubits (with qiskit)
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(hso‘
P £ I I l
225
" ole
0‘
T) = en|N) =»|N) P

N >

10 12

For 2 qubits
) = «|00) + 5[01) + ~[10) + 6|11)
IN=0) «|N=1) |N=2)

A possible way to perform the projection is to use
The Quantum-Phase-Estimation method with N itself

D. Lacroix, “Symmetry-Assisted Preparation of Entangled Many-Body States on a Quantum Computer”, PRL 125, 230502 (2020).



Systematic of Symmetry filtering methods

Standard Quantum Phase estimation 16 qubits, N =8
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Ongoing developments in nuclear physics

Symmetry problems
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Other today’s applications

Oscillations of neutrinos emitted
from Stellar objects




@ @ A focus on neutrino oscillation physics simulated on quantum computers

Neutrino fluxes at Earth
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The problem is mapped to a
many-body open quantum system
problem equivalent

to interacting qubits or qutrits.




A focus on neutrino oscillation physics simulated
on quantum computers

Illustration of the Hamiltonian (2 flavor approx)
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Example 2: Neutrino oscillation physics

Two directions: - Simulation of neutrinos on qubits and qutrits
- Classical simulation on large qubits sets
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Real Quantum Machine access

Articles and Machines per Year
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