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RICHARD FEYNMAN:

òNature 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.ó
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Analog  Quantum Simulator:  

algorithm blocks are mapped on 

programmable spin models
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Digital Q Simulator and Q Computer:  

algorithm blocks are executed by quantum 

gates

Classical interface Quantum Science cell

New classical-quantum hybrid machines:

OR
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Individual atoms in

Tightly focused laser beams, 

deep trapping potential

 (~1 ˃ m waist / ~1 mK depth)

Optical Tweezers

through  a high NA  microsopic object Easily scalableé

Atoms can be loaded directly 

from the Magneto Optical Trap, 

no evaporation required, fast exp. 

cycle (<1 s)

TRAPPING

 LIGHT
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Reconfigurable occupation for a defect-free array 

using AODs

Scalability of the platform
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Arrays of laser beams produced via 

Spatial Light Modulators (SLM) and/or 

Acousto-Optic Deflectors (AODs) 

focused through the microscope objective

Loading

from MOT

Induce 

pairwise 

losses

Image
Sort single 

atoms
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A new platform combining 

very well known 

optical techniques  

for trapping and manipulating 

neutral  atoms  with addressability of 

individual  quantum objects

Optical TweezersIndividual atoms in

Quantum Simulator:

Main differenceswith respect to 

traditional ultracold gases experiments:

Å Mesoscopic systems (~100 atoms)

Å Any topology available

Å High repetition rates (> 1 Hz)

Rydberg interaction 
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n=10 r å 0.01 mm

n=100 r å 1 mm

n=1 r å 10-4 mm

High -n atoms  to induce 

interaction in the array

Rydberg atoms have m˃-range 

wavefunctionscomparablewith

tweezerspacing

strongly  influenced  by n

AtomRydberg
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1 atom 2 atoms

Strong VdW interaction blocks the simultaneous 

excitation of two nearby atoms to the Rydberg state

Generation of entangled  state:

 ȿἃⱶ ȿ ἃ►▌ ȿ ἃ▌► 

BlockadeRydberg
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Onset of magnetic ordering

Example: Ising-like Hamiltonian

Bernien et al., Nature 551, 579 (2017)

ȿἃȢ ȿἃὫ

ȿἃᴻ ȿἃὶ

Direct access to correlation function 
with atomic resolution
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Next-neighbour 

coupling

Transverse and 

longitudinal fields

Spin 
Models:

Analog SimulatorRydberg
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OUR WAY OUTLINE

Strontium Atom ExperimentalSetup Single Atom Trapping 

and Detection

Control System

How we do it  in Florence:
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ÅAlkaline earth atom : 2 valence electrons

Å3 bosonic (84Sr, 86Sr, 88Sr) and 1 fermionic 
(87Sr) isotopes

ÅTwo transitions useful for reaching ˃K via 
Magneto Optical T rap (MOT)

Å(Ultra) Narrow optical inter-combination 
transitions

ÅLong-lived metastable states, requiring 
narrow linewidth lasers

STRONTIUM ATOM
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Magnetically accessible admixture of  3P0 

and mj=0 of 3P1 state

B field dependent linewidth <0.5 mHz 

even for1000 G field

CLOCK TRANSITION

Tweezers @ magic wavelength 813nm
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GROUND STATE COOLING

Å 3P1 potential different (deeper) than 1S0

Å  1S0 Ą
 3P1 transition linewidth smaller 

than trapping frequency

Å Atoms excited to 3P1 at the bottom of 

the trap 

Å More energy dissipated climbing the 3P1 

trapping potential than gained rolling 

down the 1S0 potential

Sisyphus Cooling via single 689 beam 

AdaptedfromV.V. Ivanonet al., PRA 84, 063417 (2011)
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RYDBERG EXCITATION
Rydberg excitation with 2E atoms: 2 schemes with MHz level  coupling

2-photon  excitation

(through off-resonant  3P1)

2-step excitation

(through resonant  3P0)

Reduced scattering rate 

and heating, lower 

power required than 

for alkaline atoms

Single-photon 

excitation from 

metastable state

Only available in 

2E atoms

1S0

Ryd

ȿἃὫ

ȿἃὶ

689 nm

~318.5 nm

1S0

3P0

Ryd

ȿἃὫ

ȿἃὶ

698 nm

~316.6 nm

3P1
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Atomic source

1011 atoms/s flux for 

Toven=500 ÁC

Coils system around glass cell:

¸ Helmotz/anti-Helmotz coils up to 950 G, 

gradient > 100 G/cm

¸ Compensation coils for Earth magnetic field 

and stray fields

Cooling and 

deflection
MOT 

beams

EXPERIMENTAL 
SETUP
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ASSEMBLED VACUUM SYSTEM

Science 

chamber

Ion+NEG 

pump

Pumping

chamber

Bayard-Alpert

gauge

Atomic

source
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OBJECTIVE:

Fluorescence  detection  and Tweezer  

focusing through

Custom Special Optics objectives :

¸ NA = 0.55

¸ FOV 0.3x0.3 ˃m2 at 461, 689 nm

¸ FOV 0.45x0.45 ˃m2 at 813 nm

¸ Diffraction limited at 461 & 813 nm

first Blue Mot with home-made coils (2023) 

for detection and manipulation of single atoms
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OUR WAY OUTLINE

Strontium Atom ExperimentalSetup Single Atom Trapping 

and Detection

Control System
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Ғ 7 mK
Ғ 3x106

Ғ 5.6 ˃ K
Ғ 1x106

Blue MOT Red single frq MOT

Ὠ υ ὼρπ atoms / ÃÍ 

ABSORPTION
imaging

 ͯ1 atom / АÍ 

 ͯ1 atom / tweezer

Red multi frq MOT

TRAPPING STEPS:

Ғ 14.5˃ K
Ғ 1.2x106

Ὠ ψ Øρπ atoms / ÃÍ Ὠ ρ Øρπ atoms / ÃÍ 

Temperature
N. of atoms 
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EXPERIMENTAL SEQUENCE
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ACHIEVING SINGLE ATOMS

FLUORESCENCE
imaging

Vacuum lifetime =378 ± 20 s
Survival Probability = 97 % 

Photon Count Histogram for 
Single-Atom Fluorescence

Effect of Scattering Rate 
on Single-Atom Survival 

Probability
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OUR WAY OUTLINE

Strontium Atom ExperimentalSetup Single Atom Trapping 

and Detection

Control System
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RUNMANAGER BLACS LYSE RUNVIEWER

SHOT
 DATA -FRAME

¸ Open-source Python -based control 

system for heterogeneous hardware

¸ Multiple analysis-based feedback 

modes.

¸ Extensible  plugin architecture (AI).

¸ Dynamic visualisation and analysis of 

output data.

¸ Remote operation & high-level 

scripting

https://labscriptsuite.org/

LABSCRIPT-SUITE
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PROGRESS STATUS

Exp. setup

Magneto-
optical 

trap (MOT) 
at 461 nm

Magneto-
optical 

trap (MOT) 
at 689 nm

Loading an 
array of 
optical 

tweezers

Detection 
of single 
atoms

Sorting

Rydberg 
excitation, 

experi-
ments
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CONCLUSIONS AND OUTLOOK

New platform for a large variety 

of topics in quantum physics:

Quantum simulation  / many -body physics
ÅQuantum magnetism

ÅOut-of-equilibrium dynamics

ÅDirect measurement of entanglement

ÅEnergy transport across topology & disorder

Quantum -technology -oriented  applicatio ns

ÅQuantum computing

ÅProgrammable quantum devices

ÅOptimization and annealing

ÅApplications to quantum/sensing metrology

Wide statistics

with high 

repetition rate

and handy e- structure
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EXTRA SLIDES



SCALABILITY OF THE PLATFORM

Scalable system with more than 1000 atoms
H. J. Manetsch et al. A tweezer array with 6100 highly coherent atomic qubits (2024)


