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Although there exists a vast body of theoretical and experimental knowledge on the properties 
and geometries of the magnetic flux line lattices that appear in type II superconductor subjected 
to  a  magnetic  field,  it  has always remained a challenge  to  directly probe the magnetic  field 
present within the superconductor body. This, to a large extent, is due to the strong diamagnetic 
response of the superconductor, which prevents to probe the internal fields present in the film 
using conventional methods as magnetometry. Only in the last few decades advanced techniques 
such as muon spin rotation (µSR) [1] or polarized neutron reflectometry (PNR) [2] succeeded in 
retrieving information on internal field present, for example, at the vortex cores. 

In this presentation, we develop an alternative method to probe the internal magnetic fields within 
superconductor films which is based on the nuclear resonant scattering of synchrotron radiation 
on isotopic probe layers  [3].  The advantages  of the method lies  in the fact that  it  is  isotope 
sensitive,  leading to a background free signal solely originating from the probe layer and the 
sensitivity to the hyperfine parameters of the probe nucleus. This sensitivity to local environment 
is  used  to  probe  the  electromagnetic  field  around  the  atomic  probe.  Since  it  is  a  resonant 
excitation process, and thanks to the high photon flux available at third generation synchrotron 
sources, experiment on very small sample volumes can be achieved. 
In  this  work  we  prepared  a  100  nm  thick  Nb  film  on  MgO  substrates,  with  an  ultrathin 
superparamagnetic Fe layer embedded in its center. We performed nuclear resonant scattering 
experiment  at  the ID18 beamline of ESRF in a He-cryostat.  4-points resistance measurement 
where carried out at the same time, allowing to track the superconducting transition through the 
experiment. By measuring nuclear timespectra above and below Tc in applied magnetic field, we 
are able to quantify the average magnitude of the magnetic field inside the superconductor, at the 
probe location, and to calculate the number of vortices and the magnitude of the magnetic field in 
the vortex cores. This new approach allows designing a number of new experiments aiming at a 
better understanding of the magnetic fields in superconductor thin films.
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