m Atelier « Physique théorique des 2 infinis »—=June 7-8 2021
université lAl et

PARIS-SACLAY

Quantum computing of atomic nuclei

Denis Lacroix (IJCLab-IN2P3)
QC2I project

Contribution with: A ?
G. Hupin (IJCLab), V. Soma (CEA-Saclay/DPhN) %)CLab ¢|e
D. Regnier (CEA-DAM) e

Current status
and opportunities

Discussion on
ongoing projects

N Q Questions de Les principales
. W physique Py d lcul
v B R étapes du calcu
‘ o = Bl quantique
g ot o
R
5 S Y L deqibieeneen e
: P
§ &~
D) K o 1o
S 7‘ @/‘,“\ Q\)ﬁ @Q@ﬁ
& | qu w(v\ «c"
| A AN
a | o
0—f o
‘
| 1 ¥ + }
L/"' i3 L’JJ TR




Quantum
Computation

and Quantum
Information

MICHAEL A. NIELSEN

RIGETTI superconducting
19 Qubit

Simulating physics with computers-1982
Richard P. Feynman (Nobel Prize in Physics 1965)

"Nature isn't classical, dammit,
and if you want to make a
simulation of nature, you'd better
make it quantum mechanical, and
by golly it's a wonderful problem,
because it doesn't look so easy.”
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Quantum computational advantage using photons,
Science 370 (2020)
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Scaling IBM Quantum technology
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! L Few highlights on ongoing actions/work: treating complex quantum problems
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-There are many nuclei (>3000). Nuclear
g phenomena evolve along the nuclear chart. A
— unified description of all facets would be desirable.
4

-Ideally, one should get all phenomena from the bare interaction
BUT nuclei are mesoscopic systems (A~1-500) with bad numerical scaling.
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S Can be solved exactly
RLLT For max 20 particles.

Simulation of

Quantum complex
systems

On quantum computers:
N sites means only N qubits
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Few highlights on ongoing actions/work: treating complex quantum problems

Some evident sources of
complexity in nuclei

-There are many nuclei (>3000). Nuclear
phenomena evolve along the nuclear chart. A
unified description of all facets would be desirable.

-Ideally, one should get all phenomena from the bare interaction
BUT nuclei are mesoscopic systems (A~1-500) with bad numerical scaling.

Initial entangled state preparation
for many-body physics

DL, PRL 125, 230502 (2020).

Predicting long time evolution from
short-time propagation

can we extrapolate to long-time?

Ruiz-Guzman and DL, arxiv:2104.08181 (2021)



Few initiated applications in the world related to the infinities

: : Dark matter
Lattice gauge theories -

N-body problem

N-body nuclear systems
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Zohar, Klco, Savage, ...

Dumitrescu, Hagen, Carlson, Papenbrock...

Roggero, Carlson, ...

~a® The Quantum Information Processor

‘,’0{;" with Trapped Ca* lons

Applications to data mining (event

classification)
CMS-detector (with LLR)
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The QC2I project in more details
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QC2I:

Quantum Computing for
the Physics of the Infinites
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Description of quantum
complex systems
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Prepare the Quantum Computing
Revolution
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