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Part 1: Neutron Polarization

<> a magnetic moment arises from the motion of electrical charges -- though neutral, a
neutron is composed of charged quarks which give rise to a net magnetic dipole moment
which is quantized with corresponding spin 1/2 -- a neutron is a Fermion

<> if it exists at all, any neutron electric dipole moment is of negligible magnitude for all
practical purposes of concern to us here

<> a neutron can be represented by a spinor wave function having two components
corresponding to two spin eigen-states (spin “+” or “up” and “-” or “down”) 

<> for a nucleus with spin, the neutron-nucleus (i.e., the nuclear) interaction is spin-
dependent

<> the magnetic interaction between the neutron magnetic moment and that of a nuclear
magnetic moment is relatively weak (and nuclear magnetic moments are normally not
ordered -- a notable exception occurring in a 3He gas cell used as a neutron polarizer)

<> the magnetic interaction between the neutron magnetic moment and that of an atomic
magnetic moment, on the other hand, can be comparable to the nuclear interaction

(a good description of the phenomenon of a quantized spin one-half system is given in
the quantum mechanics text by Merzbacher)













































Part 2: Application of Polarized Neutrons in Scattering Studies
 of Magnetic Condensed Matter

<> elastic scattering to determine magnetic structures

<> inelastic scattering to probe magnetic excitations such as spin waves 











(from Julie Borchers)



(from Julie Borchers)











Polarized Beam Reflectometer (PBR) at NIST



NIST Vertical Sample, Polarized Neutron Reflectometer
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Instrument Specifications
The VREFL reflectometer uses a vertically focusing pyrolytic graphite 

monochromator to intercept the full height (15 cm) and width (6 cm) of the 

beam in the NG-1 guide and focuses it down to ~ 3 cm at the sample.  

Adjustable slits after the monochromator and in front of the sample, 1.5 m 

away, define the beam width and collimation.  Highly efficient (polarization > 

98 %, and transmission of one spin state ~ 80 %) supermirror polarizers, 

shown in the photo below, may be inserted in the incident and reflected beams 

to provide full polarization analysis.  Overall instrumental flipping ratios of the 

order of 100 are routinely achieved. 

In situ capabilities including: 
     Cryostats (50mK<T<675K) 
     Magnetic fields (0 to 0.7 Telsa) 
     Vacuum Furnaces 
77K<T<2,073K 
     Electrochemical Cells 
     Liquid Cells 
     Controlled Humidity Cells 











As recounted in the “Scientific Background”
material referred to on the left side of the page,
prior to the discovery of the GMR effect by 
Gruenberg, polarized neutron diffraction 
studies  of magnetic superlattices revealed
an unambiguous coupling between magnetic 
layers across intervening nonmagnetic
spacers.  The interlayer coupling (IEC) observed
in this neutron diffraction work was explained in
terms of long-range exchange interactions, for
example, the RKKY (Ruderman Kittel Kasuya
Yosida) interaction.  Interestingly, the underlying
mechanism responsible for GMR was thus 
known about before the effect itself was
discovered!  Much of the original neutron 
diffraction work was performed at the NIST (then
NBS) neutron scattering facility by scientists
including James Rhyne, Ross Erwin, and
Julie Borchers, some of whom continue related
forefront research today at the NCNR.
This is an example of the continuing importance
of neutron scatttering as a fundamental
probe of condensed matter.































Magnetic Multilayers and Thin Films

Polarized neutron reflection data on magnetic semiconductor superlattices by Henryk
Kepa et al..



Zero-field neutron polarimetry ( figure from thesis of Valerie Nunez)





Part 3: Application of Polarized Neutrons to Measurements
 of Very Small Energy and Momentum Transfers with
 Condensed  Matter Systems

<> the precession of the neutron spin in a magnetic field can be
 used as an accurate measure of length from which changes in
 angle (momentum or wavevector direction) or neutron speed
(energy or wavevector magnitude) can be determined

















Comparison of inverted grating diffraction pattern to model where modulation of
the beam was performed according to the spin-echo labeling method (blue asterisk
symbols correspond to model and squares to calculated inversion).



Compact magnetic films replace precession coils.

Spin Tagging Demonstration1

on EVA at the ILL, France

1J. Major, H. Dosch, G.P. Felcher, et al., Physica B (2003).
Also, M. Th. Rekveldt, et al., Rev. Sci. Instr. (2005).
And  R. Pynn, M.R. Fitzsimmons, et al., Rev. Sci. Instr.  (2005).

Spin Echo Spectrometer
on NG5 at the NCNR

What is the new innovation?



“Polarized Neutron Reflectometry”, C.F.Majkrzak, K.V.O'Donovan, and N.F.Berk, Chapter 9 
in Neutron Scattering from Magnetic Materials, Edited by T.Chatterji, (Elsevier, Amsterdam, 
2006) p.397-471.

Polarized Neutrons, W. Gavin Williams, (Clarendon Press, Oxford, 1988) 
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