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Polarizers

concept of polarizing supermirrors - contrast matching
= ferromagnetic (FM) / non-magnetic (NM) multilayer

= spin dependent interaction of neutron with FM: (b, £ p,.)
= contrast matching: (b, m) = Pm em)) = P (wmy

Vn, FM Vn, FM

> \/(z) > V(2)

= e.g. FeCoV:
b=(597fm-526fm) =0

= vs. Ti: b, = -3.4 fm

ferromagnetic layer

non-magnetic layer

L reactive sputtering — TiN_
b, (Tinyy =0
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Polarizers

ferromagnetic material: Fe

— might show easy axis of magnetisation

— almost matches Si for |—)

— low absorption (required for transmission, less radiation damage)

spacer material: Si

— low potential

— matches the substrate (for transmission)

— low absorption

— can be influenced (potential and stress) by reactive sputtering

but
— rather low contrast for |+)

= larger number of layers reqired
— total reflection for low g
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Polarizers

all our multilayers are produced
by magnetron sputtering:

target | target Il cathode
parameters:
— power
— velocity 1
— Ar gas pressure ] L
— reactive gases (02' N2) aperture/anode
— apertures substrate

properties of the films:

— contrast (matching)

— stress minimisation (stable films)

— anisotropic stress (to get an easy axis of magnetisation)
— interface quality (roughness, interdiffusion)
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Polarizers

transmission, polarisation
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we produced supermirrors with Fe and Si:N:O which

— polarise neutrons (P > 95% to P =99 %)

— can be operated in transmission and reflection mode
— show a magnetic remanence

— thus need guide fields of 20 Oe, only

— can be operated antiparallel to the guide field

the reactive gases N, and O, in Si are needed to
— match the potentials for |—)

— tailor strain in Fe layers (anisotropic stress), but
— keep the overall stress small

limitations:
— stress limits the number of layers = m < 3
— FeSi layer causes 2nd Bragg peak

= |—) contamination in reflection mode
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Polarizers

at Morpheus, Narziss (SINQ)

Fe /Si:N:O

m = 3, 599 layers
Si-wafer, 0.6 mm
200 x 60 mm?

200 x 100 x 100 mm?®

200 Oe
20 Oe
> 97 %

> 95%
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Polarizers
at Amor (SiNQ) N

— FeCoV/TiN on glas

— operated in reflection mode
— saturation fields: 4400 Oe
— guide field: +20 Oe
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Polarizers

Fe /Si:N:O
m = 2.4, 299 layers

Si-wafer, 0.6 mm
200 x 6 cm?

0.98

—=&— 2 m collimation
0.96 1 —— 3m collimation
—#— 6 m collimation
—¥— 15 m collimation

polarisation
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Polarizers

ideal polarizer:

traedtétted beam

reflectivity

Qz
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Polarizers

real polarizer:

traeftétted beam

reflectivity

Qz
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Correction of finite polarization

Experiment measured intensities: I**, I*-, I, *

— finite polarization/analysis
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Correction of finite polarization

identical and ,symmetric’ properties
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Possible polarizing analyzers

e Both spin states
6 "Small” coated area

Q Detector coverage
Q Contamination
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Possible polarizing analyzers

Detector coverage

Coated area

Angular offset

Contamination

P DI
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Possible polarizing analyzers

No contamination
Coated area

Detector coverage
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Possible polarizing analyzers

High detector coverage

Coated area

@
@
e No angular offset
=
—

Contamination
Technology
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High detector coverage

No angular offset
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Simulations

-> Uwe Filges (fomorrow morning)
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