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ABSTRACT
We present two new effects in polarized neutron reflectivity. We show that

we have a non symmetric spin-flip signal in reflectivity measurements on magnetic
films when the external field is not negligible. This phenomenon is due to different
Larmor precessions for the two spin states and has to be taken into account in
some experiments. The second effect is still not understood but we present results
indicating that the specular reflection on a non magnetic surface can induce a
neutron beam depolarisation or rotation.
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Spin analysis and new effects in reflectivity measurements.
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Abstract : We present two new effects in polarized neutron reflectivity. We show that we have a non

symmetric spin-flip signal in reflectivity measurements on magnetic films when the external field is not

negligible. This phenomenon is due to different Larmor precessions for the two spin states and has to be taken

into account in some experiments. The second effect is still not understood but we present results indicating

that the specular reflection on a non magnetic surface can induce a neutron beam depolarisation or rotation.
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1. Non-symmetric spin-flip signals in reflectivity measurements.

In the simple case of the reflection of a neutron on a magnetic surface, a complete calculation of the

wave function of neutron shows that there is an explicit depcndance of the wave function upon the space

coordinate r in the plane of the layer. Each spinor component of the wave function expresses as a linear

combination of four functions of the following form [1] :

expO'ft//'//) (aiexp(igizz) + bic\p(-iqizz)) (1)

where i is 0 for the vacuum and 1 for the medium. Due to the continuity of the wave function at the

interface qv/=q0/r This implies that if there is a spin-flip during the reflection process the

corresponding change of energy is totally transfered into the z component. The angle of the spin-flip

reflected beam are then different of the non spin-flip beams [2]. If we correct such effect it appears an

assymmetry in the up-down and down-up signal due to the difference of qOu.

Up to now this difference has never been taken into account. In the case of a mixing of rare-earth and

transition metal in magnetic thin films, a very strong anisotropy can appear. Tb/Fe multilayer is a very

good example. In such case, high magnetic field can be applied but the moments in the layer are still not

colinear and a spin-flip signal exists. In order to demonstrate the effect we have done a measurement on

a SmCo4 thin film which exhibits a rather high coercivity enabling us to apply external fields up to

0.4 T. The film was deposited at Laboratoire Louis Neel in Grenoble by RF sputtering [3].

The neutron measurement was performed at the Laboratoire Leon Brillouin on the PADA polarized

neutron reflectometer with polarization analysis. Figure 1 shows the reflectivity curves measured under

a magnetic field of 0.3 T. Theoretical calculation use a matricial method with a wave function of form

(1) thus leading to 8x8 complex matrices .



2. Neutron depolarization after a specular reflection on a non magnetic surface.

We measured reflectivity curves with a polarized neutron beam and polarization analysis on

non-magnetic subtrates covered with non-magnetic layers. A spin-flip signal appears in the

direction of the specular beam after the plateau of totale reflection. This signal is a « bulk »

signal due to the substrate and is independant of the surface state. We have tried different

roughness' and covered the surface with thin gold or copper films. These coverages change

drastically the non-spin flip signal but do not affect the spin-flip signal. This signal is

proportional to the size of the sample and depends on the nature of the substrate. In the special

case of strong absorbing substrates or films on a surface this signal tends to disappear. We

carried out a set of measurements on non oxidized (111) silicon wafers varying the field

intensity, the field direction and the wafer's thickness. Figure 2 shows a typical reflectivity

curve on a silicon substrate. We verified that as expected for a non magnetic material, the (up-

up) and (down-down) reflectivity curves are equal, the (up-down) and (down-up) too. The

spin-flip signal is much higher than the neutron background. To exclude experimental artefacts,

we must specify that these measurements were done using three different types of polarizers

and analysers: Co/Ti Scharpf benders, flat FeCoV/TiN super-mirrors built at PSI, and systems

of two super-mirrors. Most of the measurements were made in the air but some were made in a

cryostat. By testing a 39C-super-mirror (a multilayer having an extended total reflectivity

angle), we could verify that the polarization did not change up to 1°. Moreover, rocking curves

and two theta curves with a fixed sample have shown that incoherent scattering (isotropic in

space) and background are completely negligible in our experiments. We have also performed

experiments at different temperatures with no differences in the results so it is difficult to

suppose that it is an inelastic scattering effect (coupling via phonon for example). Another idea

is that the incoherent part of the interaction sum up in the special case of the specular reflection



and is more intense in that direction. But the signal is rather important for silicon which has a

very low incoherent interaction.

In our opinion, it makes no doubt that there is a physical effect involved in these results but we

could not link it with any known interaction. A more detailled discussion can be found in [4].
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Figure captions:

Figure 1: Reflectivity measurement on a 100 nm SmCo4 film under a 0.3 T field not colinear

with the layer magnetization. One can observe very different spin-flip signals (up-down) and

(down-up).

Figure 2 : Reflectivity measurement on a silicon substrate and on thin films of varying

thickness' Though the non spin-flip signal is very different, the spin-flip signal remains the

same.
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