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APPENDIX 1

The coincidence of photons on two detectors can be related to a steady-state solution of the
following optical Bloch equations, where we ignore bunching due to the triplet state:!

P11 = Yo1p22 — gmz + %,021 (A.1)
p22 = —"21P22 + %012 - %Pm (A.2)
piz2 = —§Pn + %Pm —mlop12 (A.3)
p21 = %Pu - gpm —mlopar. (A4)

The term ) is the Rabi frequency, 71 is the decoherence rate and 7,1 is the depopulation
rate of the excited state. The series of coupled differential equations can be solved using
the Laplace transform with the condition that the population initiates from the ground state.
To relate the solution for the population of the excited state pso to an experimental photon-
coincidence histogram, we need to derive the steady-state solution of pos:

9?(r) = paz/ lim_pos. (A.5)

Without approximations and solved with MATLAB, the theoretical solution for g(?) (1)
is of the following form:

w0 + 21

gP(r)=1- e’%‘(’rrﬂﬂm)[cosh Q7)) + ( ) sinh (Q|7)], (A.6)

where () is given by:

Q = \/(Wro)z — 27TPO’)/21 — 402 + ’)/221 (A7)
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140 A. Appendix 1

Rewriting {2 = 2i/402 — 42, — (7T)? + 2nT 9721 and using the identities sinh Q) =
—isin (iQ) and cosh (€2) = cos (i{2) we obtain the more common solution:?

Lo +W21)

g (r)=1- e_%(”r"ﬂ?l)[cos Q7)) + ( sin (Q|7])], (A.8)

where the new () is %\/4(22 — 72, — (7T0)? 4+ 27To7y21. When the two-level system is
strongly excited, the magnitude of the Rabi frequency exceeds all other terms inside the
square root and the term € in the cosine and sine term reduces to the Rabi frequency (2
itself.



REFERENCES

(1) De Vries, H.; Wiersma, D. A. The Journal of Chemical Physics 1980, 72, 1851-1863.
(2) Kummer, S.; Basche, T. The Journal of Physical Chemistry 1995, 99, 17078-17081.

141






ACKNOWLEDGEMENTS

In the four years that I have spent in the research group Molecular Nano-Optics and Spins
(MoNOS) I have been well supported by my mentor prof. dr. Michel Orrit. His vast know-
ledge and insights on molecular physics and optics has been a great source of inspiration for
me. I look back with gratitude for all the in-depth discussions that helped me during my PhD.
I would like to specially thank him for his patience to explain everything in detail to me. On
the experimental side, I would like to thank dr. Amin Moradi and dr. Zoran Ristanovi¢ for
the extensive training they gave me for managing the lab and the experimental setup. They
prepared me well for continuing on my own in the years after they left the group. Further-
more, | am thankful to have had the pleasure of working together fruitfully with students
Maialen Ortego Larrazabal and Jil Hameury and the postdoc Arash Tebyani.

For the usage of fabrication facilities and the training for handling the equipment I want to
thank Douwe Scholma, Marcel Hesselberth and Luc Wigbout. I’m also indebted to engineer
and strongman Harmen van der Meer, who helped me lift up the heavy cryostat to repair one
of the windows that had broken. Also, the electronics department has been of great help with
solving various problems encountered with electronics. For achieving low temperatures I
am grateful for Wilfred van der Geest’s steady supply of liquid nitrogen and helium, which
fueled my experiments.

For the nice lunch breaks, support and social meetings I would like to thank all of the
(former) group members of MoNOS, which includes Arash, Amin, Christopher, Deep, Eduardo,
Jacco, Jacqueline, Martin, Nasrin, Patrick, Priyanshi, Leonardo, Sergii, Subhasis, Theo,
Xuxing, Zoran and Zohre. For all of the challenging administrative tasks, such as exporting
a laser to the US for repair, | want to thank the group’s secretary Henriétte van Leeuwen
for her support. Beyond the MoNOS group I would like to thank dr. Wolfgang Loffler and
Matteo Fisicaro for kindly lending me their controller box for a laser and helping me use it.
Within the institute I would like to thank dr. Semonti Bhattacharyya, prof. Sense Jan van
der Molen, prof. Francesco Buda, Titus de Haas and prof. Jan van Ruitenbeek for participat-
ing in fruitful scientific discussions and collaborations. Outside of the institute I would like
to thank prof. Bolestaw Kozankiewicz, dr. Irena Deperasinska and prof. Jean-Sébastien
Lauret for collaborations and scientific discussions.

Most of all I want to thank my partner and tower of strength Rolinde Hupkes. She has been
my mental support throughout my PhD. Lastly, I also thank Limon for the many creative
breaks!

143






CURRICULUM VITAE

Robert Smit
18-08-1990 Born in Velsen, the Netherlands
EDUCATION
2009-2013 Bachelor of Science in Physics
Leiden University
2013-2015 Master of Science in Physics and Science Based Business
Leiden University
February 2020 - March 2024 PhD in Physics
Leiden University
WORK EXPERIENCE
March 2015 —August 2015 Energy market analyst internship

Northpool B.V.

September 2015 — January 2020 Energy market trader and analyst
Brainchild Capital Investments B.V

March 2024 — Present Postdoctoral researcher
Leiden University

145






LIST OF PUBLICATIONS

. Smit, R.; Ristanovi¢, Z.; Kozankiewicz, B.; Orrit, M. ChemPhysChem
2022, 23, 202100679

. Smit, R.; Tebyani, A.; Hameury, J.; van der Molen, S. J.; Orrit, M.
Nature Communications 2023, 14, 7960

. Adhikari, S.; Smit, R.; Orrit, M. The Journal of Physical Chemistry C
2024, 128, 3-18

. Smit, R.; Ristanovi¢, Z.; Deperasinska, I.; Kozankiewicz, B.; Orrit, M.
ChemPhysChem, €202300881

147





