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| Outline of this thesis

When does a neutral-atom quantum computer help solve a hard optimization problem and

how do we make it happen?

T Quantum When does it Solution of the

computer worke problem
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Not a good configuration
Some dancers hit each other!

Problem: Which dancers can spin at the same time without invading a neighbor’s space?
Should we try every configuratione
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Good configuration
More dancers!

Problem: Which dancers can spin at the same time without invading a neighbor’s space?
Should we try every configuratione
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Neighbors=two disks overlap Neighbors cannot both spin
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Problem: Which dancers can spin at the same time without invading a neighbor’s space?

The green circles correspond to a good configuration, example of the solution of what is called a maximum
independent set (MIS)
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| Optimization problems are everywhere

Neighbors=two disks overlap Neighbors cannot both spin
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O O

Independent set: a set of dancers with no two neighbors
maximum independent set: largest independent set

Problem: Which dancers can spin at the same time without invading a neighbor’s space?

The green circles correspond to a good configuration, example of the solution of what is called a maximum
independent set (MIS)
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O O @ n dor.\cers — 2" configurations: exponential number of options
— naive approach: explore all of them!

— NP-hard problem: no polynomial algorithm is known.
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How hard is it to find the MIS?¢

O 20 dancers — 229 = 1048576
O 300 dancers — 239 ~ 107V
O O @ n dor.\cers — 2" configurations: exponential number of options
— naive approach: explore all of them!

— NP-hard problem: no polynomial algorithm is known.

|

One approach: Approximation algorithms to estimate the
solution of this problem:
= Simulated annealing

= Quantum methods
- oo o
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Dancers — vertices
Overlap — edges
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| Unit disk (UD) MIS

Dancers — vertices
Overlap — edges

Independent set: no link between vertices of the set
O ®
O 0\ / /0
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Dancer Graph
Finding the MIS: NP-hard
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® O Associated quadratic cost function
Zi — O, 1
O O &3 < > C(Zl,...,Z|V|)=—ZZi+U Z ZiZj
2

icV (i,))EE
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Independent set: no link between vertices of the set
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|From a graph to a cost function

® O Associated quadratic cost function
Zi — O, 1
O O &3 < > C(Zl,...,Z|V|)=—ZZi+U Z ZiZj
2

icV (i,))EE

! !

1 Size of the Number of
candidate set violated edges

U>1

Independent set: no link between vertices of the set
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® O Associated quadratic cost function
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N ]
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® O Associated quadratic cost function
Zi — O, 1
O O 03 < > C(Zl""’ZIVI)=_ZZl+U Z ZZZ]
2

C(2)

icV (i,))EE

! !

1 Size of the Number of
candidate set violated edges

U>1

Independent set: no link between vertices of the set

Theorem: Minimum of C corresponds to a maximum independent set!
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the solution of an optimization
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Computer science Physics
Minimum of C, representing Ground state of Hamiltonian H.,.
the solution of an optimization

oroblem Quantum system obeys confinuous-time dynamics
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Minimum of C, representing Ground state of Hamiltonian H.,.
i SOM'OHD%Slgrzphmlzahon Quantum system obeys contfinuous-time dynamics
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| From a (classical) cost function to a quantum Hamiltonian

Computer science Physics
Minimum of C, representing Ground state of Hamiltonian H.,.
the solution of an optimization

oroblem Quantum system obeys confinuous-time dynamics
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| From a (classical) cost function fo a quantum Hamiltonian

Computer science Physics
Minimum of C, representing Ground state of Hamiltonian H.,.
the solution of an optimization

oroblem Quantum system obeys confinuous-time dynamics
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Mixing, exploration phase
Control their state with laser
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~ H_.+ unwanted interactions

A
{ \

Flip the atoms Number of excited atoms Pair of atoms both excited
Mixing, exploration phase
Control their state with laser

Example Rydberg atoms
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How to run our algorithm on the quantum computer?

[BVC+25] Elie Bermot, Lucia Valor, Wesley Coelho, Louis-Paul Henry, and Natalie Pearson. Local Rydberg blockade regimes for disk graph
embedding and quantum optimization, 2025
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1- global
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H = + Q, - (fip atom 2)+1/r°N; ® N,
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When does the quantum algorithm work?e

[BBA26] Braida Arthur, Bermot Elie, Simon Apers, Log-concavity and tunneling: adiabatic quantum optimization for convex functions (with a
spike), 34th Annual European Symposium on Algorithms (ESA 2026), 110: 1-110: 19
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]

Ground state can be prepared in O(poly(n)) time if h% = 0(1)
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Which problems can we run on a quantum computer?
* Finding a maximum independent set, and more broadly sampling good independent sefts.
*In both cases, the landscape has barriers that trap classical methods.
How to run it on a neutral-atom computer?
* Rydberg blockade draws a graph from atom positions
e Local amplitudes turn it into a disk graph, not only a unit-disk graph

P
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* A log-concave ground state has no bottleneck: constant gap for convex potentials, inverse-polynomial
gap in general

* This is what lets the state tunnel through spikes.

Future works
* Noise, limited addressability and robustness to imperfect atom placement on real hardware
* Log-concavity beyond symmetric potentials, towards the Rydberg Hamiltonian itself

Thank you !
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