










• This happens at very small
scales: the classical radius of
the electron
• d~10-15 m
• τ ~10-22 s

• It leads to “runaway” solutions
and also to problems with
causality (electron moves
before any wave arrives)

• Quantum Eletrodynamics
does not seem to solve the
problem

• Long standing (and sometimes
forgotten) debate still (mostly
unsolved)

• Possible solution: set a time 
scale in Maxwell’s equations



Corrections to formulas:

• For example, one should
measure the decrease in the
Larmor frequency in the 8th 
significant digit

• One would need extremely
sensitive equipment to
measure these effects (no 
experiment to date has been
able to do so)
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• Research in the interface 
between quantum optics and 
nanophotonics

• Quantum Technologies
• Quantum sensing
• Quantum communications
• Quantum computation

• Research
• Quantum photonics
• Diamond photonics
• Optical trapping and levitation



1. Quantum and classical photonics

2. Optical forces: trapping and levitation

3. Control of the electronic and nuclear spin of Nitrogen Vacancy
centers in diamond











• In very sensitive applications the shot noise of the light that it is 
used for measuring is the main source of noise





Quantum squeezing is
already helping to detect
gravitational waves
Son estados de muchos fotones

Son la “evolución” de los estados de dos fotones

Permiten hacer medidas más precisas de amplitud o de fase





You can trap and manipulate particles with optical forces
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https://arxiv.org/pdf/2008.13197


https://arxiv.org/pdf/2008.13197




https://arxiv.org/pdf/2008.13197










2 𝛾𝑒𝐵𝑧

NV-Center Working Principles
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• 532 nm
• 12 ns, 680 nm

QUANTUM SENSOR RECIPE

LASER Diamond
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MW Ports

Diamond in high 
homogeneity region

Pellicer-Guridi et. al. Versatile quadrature antenna for precise control of large 
electron spin ensembles in diamond. Advanced Quantum Technologies, 8(3)



Common Magnetometry Limitations

Linearly polarized MW
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Limitations

• Single ESR:
• No information on axis producing

peaks.
• 48 posible solutions.
• Typical magnetometry is limited to a 

single coloured area.



Proof of concept for vector magnetometry protocol

Mongelos-Martinez, A., Francis, J. T., Bertero-DiTella, J., Giedke, G., Molina-Terriza, G., & Pellicer-Guridi, R. (2026). Unconditional full vector magnetometry using spin selectivity in Nitrogen Vacancy

centers in diamond. arXiv preprint arXiv:2602.12090.

• Individual MW configurations optimal for
each cristal axis found in agreement with
theoretical predictions.

• The spectrum response to each polarized
microwave pulse reveals the axis 
orientation of each peak. 

• Independent of B.



1. The full vector magnetic field with a bulk diamond sample

2. The orientation of a single NV center with respect to a given
external magnetic field


