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Motivations

Controlled, coherent manipulation of delocalized quantum systems
- An important challenge in modern science
- Significant applications in quantum technologies
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Why study individual molecules?

Tamarat et al., 1999
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. Quantum optics with single
molecules



Single molecules at low temperature (3K)

Energy
4 Molecules Matrices ) S 40000
DBATT 1

Octadecane
©©©©©©©© Naphtalene

30000 L

20000 L

Fluorescence {counts/s)

DBT J
O 8 O Anthracene 0 )l “Ujid | ﬁl:._LLL&.J | |
©.8.© So w‘?ﬂw}

Excitation spectroscopy: 2] ]

- High quality factors (108) Cryostat ‘B ", [ ]
. . D 204
- No spectral diffusion 3 ||
Laser s | L
32 % N — ‘ [
ki —10 2 z , ]
Ozp = - 6.10 cm ﬂ_l|j_|i| ‘ |7
6183 G1E.5 618.7 o180
Excitation Wavelength (nm)
\_ )

Tamarat et al., 1999

5



Low-Temperature Imaging: Solid Immersion Lens (SIL)
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Sub-nanosecond Rabi oscillations

le) s TR
Pmax - °
E; cos(wrt 0.9
PO > AOM + EOM
5. 0.8 > .
|g> = Laser frequency locking
Q
=
Rabi Frequency P / \ ‘ i 0.7 » Power control of pulses
adl ¢ E, -
- t :
Q=— o Prnax _ 105 0.6
Pmi_n
T 1 T 1 T 0.5 it e
L # DBATT/ Naph 1 10° m 10* 10° 10°
0.8} ﬂ R n _ .
k5 06 ﬁ N \ & f ‘ ) Rabi oscillations shorter than a nanosecond
E >1 ARLEAY " ' \ ¥ /} 1 M il Period : 850 ps
g._ 04L ‘ \ A ‘ ’ " * Without any additional decoherence
£ \ TRRR ) effect (limited by 2T,)
02F H I=6800 1, - * Excited state preparation fidelity
0 ] 97+3)%
\ L ! L Deplano et al,
0 S 10 15 20 AVS Quantum Science (2023) 7

t (ns)



Ramsey spectroscopy and measurement of the optical coherence time
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From single to multiple interacting emitters

First observation of two coupled molecules
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200 nm

. Super-resolution imaging at
rvogenic temperatures (ESSAT)




Objective
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Excited State Saturation Nanoscopy (ESSat)
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xcited State Saturation Nanoscopy (ESSat)
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Finding pairs ?
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I1l. Molecular entanglement




Coherent coupling: dipole-dipole interaction

Non interacting emitters :
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Signatures of the dipole dipole interaction

Experimental

Excitation spectra calculated from the master equation :
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Entanglement Manipulation
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Demonstration of sub/super radiance effects for two coupled emitters
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Coupling of entangled states with the laser field

Hamiltonian of the system excited by a laser of frequency w;
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Optical preparation of the two entangled states

Donut centered between the molecules :

- Dipole oscillations in opposite phase 1y = — (,.
- Excitation of the subradiant state is enhanced,
while that of the superradiant state is forbidden.
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Conclusions

» Ultra-stable quantum systems: excitation lasting for several
weeks without photobleaching or spectral diffusion

» Sub-nanosecond optical manipulation and coherence time
measurement

» Control of the degree of entanglement via an electric field

» Selective addressing of entangled states using excitation beam

shaping
Perspectives:
Quantum logic gates Decoherence effects with the temperature
K. AEX:
— H — Yinaa ol
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Phys. Rev. Lett. 104, 010503 (2010) Nature, 2007, 446, 782-786 (2007)
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