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Studying Nanostructure 
Magnetism with the use of 

Polarized Neutron Reflectometry



• A method used to determine the structure of 
materials by directing a beam of polarized 
neutrons onto an extremely flat surface.

• The intensity of the reflected neutrons is 
measured as a function of and neutron 
wavelength.



• Polarized neutrons are a collection of 
neutrons whose spins have a preferential 
orientation with respect to a particular 
direction in space (usually the direction of a 
magnetic field), rather than being at random.



• Separation of nuclear magnetic scattering.
• Determination of the magnitude and the 

orientation of the local magnetization of 
the sample.

• The measurement of the coupling between 
magnetic and nuclear structures.



• Specular Reflection:
A polarized incident beam with no analysis.
A polarized incident beam with analysis.

• Off Specular Reflection:
A polarized incident beam with no analysis.
A polarized incident beam with analysis.



REMUR 
channel on 
the IBR-2 
reactor



AZ – active zone, WM – water
moderator, Dch – chopper, Col,
C1(2,3) – collimators, D1(2) –
diaphragms, PR – polarizer, SF1(2) –
spin-flippers, S – sample position,
APF – polarization analyzer, PSD –
position secretive detector.



Cyrostat

Goniometer

Parameters of the REMUR:
• Sample plane: vertical
• Scattering plane: horizontal
• Neutron wavelength: 0.9 – 10 Å
• Wavelength resolution: δλ = 0.011 Å
• Scattering angle range: 1 – 100 mrad
• Sample – detector distance: 4.9 m
• Detector's spatial resolution: 1.5 mm
• Neutron flux in two polarization modes:

• two polarizers (PR1+PR2): 
104 neutron/(sec•cm2)
• the second polarizer (PR2): 
3•104 neutron/(sec•cm2)



• P : Polarizer
• SF-1 : Spin flipper
• SF-2: Spin flipper
• AP : Analyzer of polarization
• PSD : Photo-sensitive 

Detector



• Ferromagnetic and superconducting layered 
nanostructures for example:
Fe/Cr and Fe/V nanoystems

Ta/V/𝑭𝒆𝟎.𝟕𝑽𝟎.𝟑/V/𝑭𝒆𝟎.𝟕𝑽𝟎.𝟑/Nb/Si

• Material of interest:
Si/Nb/𝑵𝒊𝟎.𝟕𝑪𝒖𝟎.𝟑/Si



• Crypto-ferromagnetic state is observed in  
non-homogeneous magnetic heterostructures
that consists of a bulk superconductor and 
ferromagnetic thin layer that can be due to the 
influence of the superconductor. 



From Scattering 
measurements we 
can determine the 

size of the material.



• To study crypto-ferromagnetism using 
polarized neutron reflectometry (PNR) of  
ferromagnetic and superconducting layered 
nanostructures
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Normalize data 
and plot the 
reflectivity.



• Fitting the experimental data to a 
theoretical model.

• Experimental data is represented 
by the green dots and theoretical 
fit is the red line.
BUT ….we could not measure the 

magnetization



• Fitting the experimental data to a 
theoretical model.

• Experimental data is represented by 
the green dots and theoretical fit is 
the red line.
BUT… we could not subtract the 

background from the theoretical model



• Fitting the experimental data to a 
theoretical model.

• Experimental data is represented by 
the green dots and theoretical fit is the 
red line.
Finally…we could both subtract the 

background and measure magnetization 
from the theoretical fit.



• The experimental data yielded a perfect fit using 
the Parrat program but unfortunately we could 
not measure the magnetization of the sample.

• SimulReflec could not give a perfect fit as a result 
of not being able to subtract the background on 
the theoretical fit.

• I learnt how to fit data using various software 
and gained a lot of knowledge about PNR.
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