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Ultrafast measurements, associating nonlinear optics and novel data analysis
concepts :  Intership 1

Note that the context is the same for “Internships 1 and 2”

Collaboration context: Free-Electron Lasers (FELs) are large instruments, that use
relativistic  electrons  to  generate  coherent  light.  Although  such  light  sources  are
delivering  high  intense  pulses  in  various  domains  (from  the  THz  to  the  X-rays),
controlling  their  dynamical  behaviors  still  present  challenges  from  the  applied  and
fundamental points of view. The PhLAM is involved in a collaboration program with DESY
(Hamburg) and with the FELBE Free-Electron Laser group in Dresden, aiming at finding
and testing new ideas allowing ultrafast recordings and control at these facilities.
Scientific context: More generally, recording fast optical signals (e.g., evolving at THz
speed) is an open challenge, when the measurement has to be made in a “single-shot”,
as is the case for non-repetitive phenomena or single-events. The general principle relies
on using a nonlinear interaction between a femtosecond laser pulse, with the signals of
interest to generate  “copy” of the signal (typically in the infrared or visible), and to
analyze this copy. An important effort is made by several laboratories in the world to
find the key ideas, for advancing much further in the field.

Internship  1  description:   This  research  subject  involves  numerical  (and
mathematical)  problems,  for  retrieving  an  ultrafast  signal  under  interest,  from
experimental measurements. This internship will focus on exploring novel concepts and



numerical strategies. Foreseen strategies are the photonic time-stretch technique (also
known as dispersive Fourier Transform), and compressed sensing, but any new idea will
be of course considered. This internship will involve Python programming, mathematical
methods, and physical  modeling. Experimental  tests will  be performed by upgrading
measurement  systems  that  are  already  installed  at  PhLAM  (Lille)  and  at,  e.g.,  the
DESY/FLASH accelerator facility. The team includes researchers from the PhLAM, and the
DESY and FELBE research facilities in Germany.
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