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MAGNE TIC SCAT TERING

* nuclear scattering (nucler)

* magnetic scattering (electrons) = i i i

* magnetization: density of

“compass needles”
* neutron magnetic moment

interacts with magnetized materials




MAGNETISM AND NR

* NR: depth profiling of thin films and multilayers

» determine individual layer M in magnetic nanostructures
7 K

» example: antiferromagnetic coupling Ui
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SPECULAR REFLECTOMETRY

* Incident and scattered angles
are the same

B @ 2runction only of n(Z)

» think of samples as stacks of
slabs - a [-D problem

» characterize buried layers
and their interfaces




SCAIT TERING LENGTH DENSITY

* neutrons reflect at interfaces of differening n

» scattering length density:
p@) = (I -n)Qz*/ ™

= p(Z>ﬂUC|eal” e p<Z>magnetic

pnuclear e Zi Ni b/’ ,
N I1s the number density

b Is the scattering length
pmagnetic — 2853 X |O_9 M <|<A m_l)
M 1s the magnetization

* neutron polarization helps separate Pruc & Prag
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POLARIZED BEAM:
NON SPIN FLIP

iNncident scattered

Born approximation:
| R++ (Z)

T sample (top) o O(.”pnuc T Prmag COSCID‘eiQZZdZ

Incident scattered R— - ( Z)

¢ 4 ¢ O(.”pﬂuc - Pmag COSCID‘eiQZZCIZ

nuclear & magnetic!
sample (top)




POLARIZED BEAM:
SPIN FLIP

iNncident scattered

¢ ¢ Born approximation:

R™(z) = R

0 sample (to
N X J | Prmag Sind|e'9#dz

iNncident scattered

¢ ¢ purely magnetic!

sample (top) i




SELECTION RULES

|) projection of magnetization parallel to
neutron spin causes non spin flip cross-
E-milenisN e &0 ) [0 be different

2) projection of magnetization vector
perpendicular to neutron spin produces
spin flip scattering (R™ & R™)

3) projection of magnetization parallel to
() does not scatter neutrons




POLARIZATION ELEMENTS
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EXAMPLE STRUCTURE

* thin film on a substrate
* we see In |-D

* magnetic scattering
comparable to nuclear

500 A Fe
pnuc = 8.00x10¢ A2
pmag = 4.97x 106 A2

SI substrate (Infinrte)
pnuc = 2.07x106 A2
pmag = 0
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PARALLEL & PERPENDICULAR
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MAGNE TIC MULTILAYER
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POLARIZED BEAM SUMMARY

|) projection of magnetization parallel to
neutron spin causes non spin flip cross-
E-milenisN e &0 ) [0 be different

2) projection of magnetization vector
perpendicular to neutron spin produces
spin flip scattering (R™ & R™)

3) projection of magnetization parallel to
() does not scatter neutrons




