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What are neutrons?

= Neutrons are subatomic particle with no
net electric charge.

® Free neutrons are unstable; they under
B decay, lifetime ~ 885.6 + 0.8 sec.

= They can't be stored for long free;

+ -
n—>p +e +Vv,

» |t has Particle wave.

= Mass, Spin 1/2, Magnetic dipole moment. schematic illustration for the neutron

» Neutronsinteract with the nucleus.



Discovery of neutrons
Beryllium plate

vy ¥

Source of
alpha particles

/III\

Strange "radiation” of high energy that
tutned out to be a beam of neutrons



Neutron sources

 Small-scale neutron sources.
e FIssion reaction.

* Neutron sources based on accelerators:
|. Synthesis reaction
[1.Photonuclear reaction
[11.Spallation reaction



Fast pulsed reactor IBR-2
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Neutron Deacceleration

Materials for
deaccelerating neutrons

H,O
D,O
Be
BeO
Graphite
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Neutron spectrometer




Neutron diffraction
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Time of fly method
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The lay-out of a TOF diffraction experiment:
1 — pulsed neutron source. 2 —moderator. 3 — flight path of the primary beam.

4 — sample. 5 — detector. 6 — time analyzer.
7 — RW memory

Zdhleinao =\

do = ht
hkl = 2n(Lo+Ly)sing,
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Neutron Vs. X-ray diffraction

Neutron diffraction X-ray diffraction

Lower absorption Stronger absorption

Large amounts of sample needed Lower amounts of sample needed

Neighbors and isotopes cannot

Neighbors and isotopes can be discriminated e ATeE T EreE

Light elements can be seen Light elements hard to detect
Low availability (nuclear reactor) High availability (lab instrument)

Magnetic structures can be investigated

Magnetic structures can be
Investigated
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Example; Neutron Vs. XRD
pattern
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Zn, ;.Cu, ,Fe, :Ga, :0, spinel
ferrites

Magnetic
devices

Rechargab
le Batferies

Application fields Ferrimagnetic structure Cubic structure
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Scientific software for data
refinement

FullProf e Determine Lattice parameters, position of the atoms inside the unit cell, and the
Software value of the magnetic dipole moment of those atoms.

Diamond ¢ a schematic illustration for the unit cell using the obtained
parameter from FullProf software and calculating the angles and
Software distances between atoms

- * Drawing the relation between
OrlglnLab obtained parameter and the
temperature of the samples
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Intensity (arb. units)
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Intensity (arb. units)
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Neutron diffraction patterns for

Zn, ,Cu, -Fe, :Ga, :0, measured at different
femneratiires
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Relation between temperature and unit cell
volume.
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Relation between temperature and bond Angle
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Relation between temperature and bond
length
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Temperature dependences of the magnetic moments of
the atoms inside the spinel ferrite structure.
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