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Agenda

Part . Demonstrate how neutrons can be used to
study magnetism (reflectivity example from
patterned array).

Part Il. Apply polarization analysis to obtain 3-
dimesional magnetic information (SANS example
from nanosphere ensemble).




CHRNS= Motivation: Miniaturize Magnetic Memory
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Close-up of magnetic cores L -

Core memory, invented for
Whirlwind, became the
standard memory for
computers until the 1970s.
This plane could store
1,024 bits of information.
Two stacks of 16 planes
formed Whirlwind's main

To characterize magnetic interaction,
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Direction | Dimensions | Measurements _
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Ferromagnet M, (spin filter)

e — Features fully electronic

reading (A resistance) and
writing (reverse magnetic
direction) of bits.

Electronics +
Spin Sensitivity =
Spintronics I

Nonmagnetic Conductor

Ferromagnet M,
——————
(fixed direction, spin polarizer)
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Questions: Aligns M, Anti-|| M,

1) How do the top and bottom ferromagnetic layers interact?



» Neutrons probe deeply and are not surface limited

» Neutrons measure length scales from atomic
distances, to single nanoparticles, and to domains

» Neutrons see all magnetic moments

> Neutrons only sense magnetism perpendicular to O




CHRNS=>| Reflection from magnetic nanopillar array
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Remanence
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Unpolarized scattering provides information
about magnetic structure, moment
magnitude, and magnetic domains.
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However, moment direction is unknown!!!
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Scattering Rules*

1) Neutrons magnetically scatter only
from moments perpendicular to Q.

2) Magnetic field polarizes neutrons into
up or down spin states (1 and |)

3) Scattering from magnetic moments
parallel to field do not flip neutrons (Non-
Spin Flip)

4) Magnetic moments perpendicular to
field flip the neutrons (Spin Flip)

i
|

(1 and |)
Uniform field, H

20 neutran
detector




FeSi Super Mirror

Polarized 3He Cell

2D neutron

oclo, £ M[* =bZ +MiE20,M )

> FeSi super mirror is stable and can

» Polarized 3He allows spin-up neutrons
of one orientation to pass while absorbing
the opposite orientation.

» 3He polarization can be reversed
with NMR pulse.




» Magnetic nanoparticles for biomedical and data storage
applications. Interparticle magnetic behavior is key.

» Ferromagnetic magnetite (Fe;O,) particles 7 nm in
diameter

» 2.5 nm edge-to-edge separation induces strong
magnetic interparticle interaction

» Range of magnetic behavior accessible since
ferromagnetism kicks in below 65 K

» |ldeally want a technique that can structurally and
magnetically probe the entire ensemble. We are especially




C©HRNS=>  Small Angle Neutron Scattering (SANS)

2D neutron
detector
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Pure Magnetic (main) and Nuclear (inset) Scattering
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» Neutron scattering is a valuable tool for magnetic analysis given
(1) sensitivity of neutrons to magnetic moments
(2) the ability of neutrons to penetrate below surfaces

(3) large range of length scales they can probe.
» Unpolarized data produces the highest count rate.

» Polarization analysis delivers 3D magnetic profiling with no subtraction of different
magnetic states.

» 3He cells allow for polarization analysis of divergent beams such as SANS, triple
axis, and non-specular reflectivity.

» NCNR has broad range of polarization capabilities and is actively developing this
mode of data collection.




Julie Borchers, Mark Laver, Brian Maranville, Brian Kirby, Chuck Majkrzak

Wangchun Chen, Thomas Gentile, James Mclver, Shannon Watson

NIST Center for Neutron Research, Gaithersburg, MD

SANS Nanoparticle Experiment:

Charles Hogg, Ryan Booth, Sara Majetich

Carnegie Mellon University, Pittsburgh, PA

Yumi ljiri, Benjamin Breslauer

Oberlin College, Oberlin, OH

Reflectometry Nanopillar Experiment:
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