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Project description and motivation:

For almost all experiments using cold neutrons multildyased devices are of great importanéeg.
supermirror-coated beam guides allow for a set up, wherexberiment is placed far away (up to several
hundred meters) from the source and they still deliver mergmns and a larger divergence compared
to Ni coated guides. An other field is the use as optical devicdilters, examples are focusing mirrors
and spin polarisers. Often several aspects are combinedhlikurved or polarising guides (energy or
spin filter).

In this project the aspect of polarisation is stressed. Ada@xed in section 4 it is possible to build
supermirrors (SMs) with a total external reflection rangetag times of that of Nif = 4).! The
decisive parameter for the reflectivity is the contrast mitiean scattering length densities between the
spacer materialgbs) and the high density materiab,{b,,). For ferromagnetic materials the magnetic
contribution has to be added, leadingtb; + p¢). This fact can be used to design and build supermirrors
fulfilling the requirements

pe(be +Pr) > psbs  and  pe(by — Pr) ~ psbs

This means that the contrast for neutrons with spin antilehta the magnetisation of the ferromagnetic
layer almost vanishes and thus the reflectivity for theseraes () is much lower compared to those
with spin parallel ). The ratio of the reflectivities, callefipping ratio R,/ R, is of the order of 20
to 200.

Conventional SM polarisers have to be magnetised pernigriarain external magnetic field of up to
800 Oe. This magnetisation field has to be parallel to theegtield B,. (The guide field of about
15 Oe guarantees, that the neutron spin polarisation i®mwed along the flight path.) This has the
conseguences that an additional spin-flipper is requiresivitch the polarisation of the neuron beam,
and that the rather strong magnetisation field may interéttethe sample or the sample environment.

The usage of supermirrors with a close-to-rectangulareshapagnetic hysteresis and a sufficiently high
coercitive field strengtlB. allows to build neutron spin polarisers with switchablegpisation. If| B.| >
|Bg|, the SM can be magnetised both, parallel or antiparallétoChanging the magnetisation in the
SM by a short magnetic pulse.¢. B, ~ 200 Oe, ¢t =~ 15) allows for a switching of the polarisation of
the transmitted (reflected) neutrons from spin up (downpto down (up) and vice versa.[1]

In the recent years polarisers of this type have been dasme finally produced on the sputtering plant

in our laboratory.[1, 2] Because the polarisers will be uselansmission geometry, material combina-

tions with low absorption have been chosen. The most pramisésults with respect to the magnetic

behaviour were obtained with the system Fe/Si. After ogation of the sputtering parameters and after
calibration of the thicknesses, several magnetically reamasupermirror coatings were produced. Of
these the following two examples are ready to use:

1. The new V-shaped white-beam transmission polarisenf2alled in the first collimator tube of SANS
| consists of 40 Si-wafers, coated on both sides with 299tag€Fe and Si. This SM witln = 2.5 has
a polarisation efficiency di5 % < Pr < 97 % (B = 15 Qe).

The performance of SM polarisers is given by the followingapaeters: The polarising efficienci®s = & (I; —1,) /(I +
1,), where the sign of? depends on the spin state,= R for reflectivity andl = T for transmittance; The range of total

external reflectionrt), conventionally measured relative to that of natural Nk ¢ < q?M =m ch'; And the reflectivity at
SM
g<qc.



2. A prototype spin analyser for the neutron reflectometdrdiffractometer TOPSI at SINQ consists of
a Si-wafer, coated on both sides with a Fe/Si SM=£ 3 with 599 layers). This waver is mounted inside
the gap of a small electromagnet which provides the guidé &ietl allows to switch the magnetisation.
For this device the polarisation efficiencies 8% < Pr < 95% and95% < Pr < 98% (B =

15 Oe).
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Medium term goals:

The magnetic remanence in the ferromagnetic layers is &gorsice of anisotropic strain. This in turn
results from anisotropic conditions in the sputter chamBemodification of the geometry,e. of the
aperture in between sputter target and substrate, may esul increase of the anisotropic stress in the
ferromagnet layers and a decrease of the overall stress.isThossible because the stress in the spacer
layers might be of opposite sign.

If this approach of tuning the remanence turns out to be ssfue new possibilities are opened for the
production of more stable coatings reaching higher ranféstal external reflectivity. A systematic
investigation of this topic in cooperation with T. Krist, HMs planed within the 6th framework program
of the EC.

An other item we will work on in collaboration with P. BonilUM, is the improvement of neutron beam
focusing devices (without polarisation).

Specific goals for the year 2003:

As soon as the reconstruction of the sputtering plant wififished, tests are planed about the influence
of the shape of the aperture upon in-plane stress in singérda If these tests are positive, a guest
scientist (Ahmed Ashfaq) will work on this field during his 3nths stay in our laboratory.
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Other remarks:

Within this work a series of trainees have been and will beaged: Lucy Hallpike, Mogens Christensen,
Peter Kailbauer, Harpreet Singh and Justin Hoppler, andukst scientist Ashfag Ahmed.



