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Controlled, coherent manipulation of delocalized quantum systems
- An important challenge in modern science
- Significant applications in quantum technologies

Scalable solid-state quantum devices
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Single molecule at low temperature (2K)

Possible molecules (PAH) and host

systems : 8 ns
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Why Molecules are interesting?
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Intensity (a.u

Ultra fast Rabi oscillations :

Experimental Setup : 1 — . . . . . . .
f B .
& CW laser A y | =8000 Isat
| o i\ i 9 I
c 08 —IJ“‘ ‘\\ / | \1/3 ? [ n
' T=2K o i I BRI R i ;
RF .4: —4’ \l ¢\ r I ‘ih\ a j 7 o it V
) © s i \ ! I i 1\°’° 1 f \ 1‘ ‘\ ‘\b v\? T\ R
F‘ \>| 3 1‘ If ? 2 ‘y ,J T j \\ } l\ \‘ '1 : \ II\ b\
% W D 8— 0.6 _;_ ! J 1 ‘1 1‘ j p “* ! \‘J t‘ | b\ R \a
! | I I | i | Loyl |\ | é Y
== . o | : “ hi ‘y \\j I ,1 b 'v L ,/ A 3\:
= Em. filter @ : ISR N S [ LA S S |
- = ! : ! v ’I L “! l?\ ] a.\ q}‘ \ 7 }J “ ;
cart-| T APD 3 04 a S T LA R A S B
StOp 8 ‘ \ , (V) B ?/ ‘\\ ; . % rrl | | \\ ,dp | \i \ JV
£ i IF I ¥ P 4 ' / y
1 I ;‘é \ :\ dy ‘(, ,H? «) | ]
o2l ) : ’ y
91
DBATT/ Naph. y
0.8 / Nap |
0.6+ 0 1 ° 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
0.4 Time (ns)
Sub nanosecond Rabi oscillations :
0.2
OJ : * Period : 850 ps
0 10 20 30 : 710 120 130 * No additional decoherence (limited by 2T,)
Time (ns) * Excited state preparation fidelity : (96 + 3) %
Decay measurements give : T, and T, times




T, determination with Ramsey measurement
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Tunability with Stark Effect

Molecular transition frequency shifts

with electric fields :

Fluorescence
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Two photon interferences (ZPL)

Distinguishable events :
Hong Ou Mandel

Experiment : Coalescence efficiency
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Scalability?

First experimental demonstration of the Coherent Optical Dipole Coupling of Two Individual Molecules

Hettich, C. et al. Science
298, 385 (2002)

g d. 12 nm !l

excitation N fluorescence

Dipole interaction «
P (r12)3

|:> Need for an optical method to image the interacting emitters




Finding close emitters at 2K :

I= 0.7 kW.cm™2

I= 3kW.cm~2

Molecular entanglement ?




Coherent Optical Dipole Coupling of Two Individual

Molecules
Coupling constant : Cross-damping rate :
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Signatures of the coherent dipole dipole interaction

Excitation spectrum calculated using Master Equation :

Exp. Theory
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Gallery of coupled molecules

Optical nanoscopy allows finding coherently coupled molecules
with different degree of entanglement
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Manipulating the molecular Entanglement
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Aromatic molecules in Molecular Crystals

Emission Spectrum
- Narrow Zero Phonon Lines: purely radiative transition
- Red-shifted vibrational lines and phonon sidebands
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sub/super-radiance for two coherently coupled molecules :
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Delocalized states coupling to laser fields

Hamiltonian governing the coupled with a driving laser of frequency w;
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Gaussian laser spot centered between the molecules:

- Generation of in-phase dipole oscillations with ; = (),.
When 4 approaches zero (@ = f = 1/v2):

- Excitation of the superradiant state is enhanced (by up to v2)
while that of the subradiant state becomes forbidden.
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Enhanced laser coupling to the subradiant state
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Doughnut-shaped laser spot centered between the molecules:
- Opposite-phase dipoles oscillations, 1; = — (.
When 4 approaches zero (a = 8 = 1//2):
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A method for selective preparation of long-lived subradiant states

Nat Commun 13, 2962 (2022)




Conclusions and Perspectives

Conclusions:
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Ultra stable quantum system : excitation during weeks without any photobleaching, 3
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Optical nanoscopy to find and super-resolve coupled pairs in various configurations, Frequency (GHz) Frequency (GHz)

Possibility to entangle and disentangle two molecules with an electric field.
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Perspectives:

Quantum logic gates Decoherence effects with the temperature Resonant fluorescent excitation spectra
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Phys. Rev. Lett. 104, 010503 (2010) Nature, 2007, 446, 782-786 (2007) Phys. Rev. Research 3,033136 (2021)
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