Neutron waveguide regime to
study proximity effects at
superconductor/ferromagnet
intferface

Yu. N. Khaydukov, Yu. V. Nikitenko, V.L. Aksenov
Joint Institute For Nuclear Research, Dubna, Russia

L. Bottyan
KFKT Research Institute for Particle and Nuclear Physics, Budapest, Hungary

A. Rihm
Max-Planck Institute, Stuttgart, Germany



Proximity effects at superconductor/ferromagnet interface.
Base models
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Proximity effects. Base experiments

Ferromagnetic resonance
Polarized neutron reflectometry
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PNR possibilities: de~10 nm, Mg~1p,
Requierements for study effects: dp~1nm, Mg~ 0.1,

For single S/F interface enhancement of the
PNR signal is required!



Resonant enhancement of neutron standing wave
(waveguide mode)
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Designing of the structure. Choice of the materials
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Requirements to materials:

*  Crystallography "closeness” of
materials

Strong superconductor with low-SLD
Weak and thin (~ 1nm) ferromagnet
High-SLD materials on top (Cu) and
bottom (MgO)
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Designing of the structure. Optimization calculations

Calculation of the Results of the optimization:
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At neutron flux ~103 n/sec and resolution of reflectometer dQ/Q=1.5 % such

structures allow to observe change of magnetization in FM layer of the order
Of 1%



Sample preparation and characterization
Cu(33nm)/V(40nm)/°’Fe(1.0nm)/MgO
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Test of the waveguide properties. RT-PNR experiments
Cu(33nm)/V(40nm)/Fe(1nm)/MgO
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Magnetic state of the system close to T,
Cu(33nm)/V(40nm)/Fe(~1nm)/MgO

Temperature dependence of
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Magnetization profile
Cu(33nm)/V(40nm)/>’Fe(1.0nm)/MgO
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Conclusions

To increase weak magnetic scattering (spin-flip
and diffuse) from S/F bilayer it is suggested to
use regime of waveguide enhanced standing waves.

* The calculations and experiment have shown that
resonant structure

Cu(32nm)/V(40nm)/Fe(~1nm)/MgO allows to
increase signal more than 150 times.

» This enhancement allowed to detect small
changes of spin flip scattering (1-3%) below Tc of
the superconductor. No change of diffuse
scattering within the error bars have been
detected.



Outlook N
resonance condition
3 mode resonator (n=1,2,3) arg(ray) + arg(r,3) + 2(kd,) = 2nn

Cu(32nm)/V(90nm)/Fe(~1nm)/MgO
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Allow to study:

* vortex state and its modifications due to proximity effects
* non-elastic scattering from magnetic excitations
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