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When does a neutral-atom quantum computer help solve a hard optimization problem and 
how do we make it happen?

Problem Quantum 
computer

Solution of the 
problem

When does it 
work?



Motivation & Background
From everyday puzzles to quantum computers
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Problem: Which dancers can spin at the same time without invading a neighbor’s space?

Optimization problems are everywhere

4

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

Neighbors cannot both spin

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

Neighbors=two disks overlap
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20 dancers →    
300 dancers →   

 dancers →  configurations: exponential number of options  
→ naive approach: explore all of them!  

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

220 = 1048576
2300 ≈ 1090

n 2n

One approach: Approximation algorithms to estimate the 
solution of this problem: 
➡ Simulated annealing 
➡ Quantum methods 
➡ …

How hard is it to find the MIS?
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Unit disk (UD) MIS
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Finding the MIS: NP-hard

Dancers → vertices 
Overlap → edges

Independent set: no link between vertices of the set

Dancer Graph
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[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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[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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Away from the mode: Exponential decay tails 

k*

Close to the mode: Little 
effect if sufficiently narrow 

or weak

Can the spike 
perturb the ground 

state?
Log-concavity: unimodal + 
decay of amplitude away 

from the mode

Future work:  
Density of IS   ↔︎ Convex + spike
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The potential can be peaked!
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Future work: can this be used to study the 
density of independent set when local 
minima? 
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Thank you !


