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Applications of
Thermal
Neutrons

The kinetic energy of thermal
neutrons lies in the region of

the energy of thermal motions
of atoms (meV)

Investigation
The dynamics of

condensed
matter

λ of thermal neutrons is of the
order of atomic separations in

condensed materials (nm).

investigations of
condensed matter

structure

which is governed by
well-known

laws (conservation of energy,
momentum, total spin.)

Scattering on
condensed matter

Because the neutron possesses
a magnetic moment

Investigation the
structure and
dynamics of

magnetic materials
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is the Bragg angle.
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The reflected intensity IRef from single crystal when a neutron beam having Maxwellian
distribution Ф(λ) is given by:

where ( )hklQ
a W


  , /2 coshkld d d   in which  is the linear absorption coefficient

( )W  has a Gaussian distribution with standard deviation on mosaic blocks of the
single crystal



hklQ is crystallographic quantity given by

3 2 2 / sin 2hkl cQ N F 

( )*Ref hklI P

The integrated reflectivity is

hklR P d  



 

The reflecting power of the (hkl) plane inclined by an angle θhkl to the incident beam direction
is given by:
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Oxides single-crystals

Oxide Cutting plane Thickness (mm) λ min (nm) λ max (nm) Δλ (nm) Glancing angle θ° (nm)

BeO 002 4.84 0. 1E-2 0.45 0.9E-2 43.20 0.298

MgO 200 5.00 0. 1E-2 0.45 0.9E-2 45.00 0.298

ZnO 002 4.05 0. 1E-2 0.45 0.9E-2 35.01 0.298

. Input parameters for hklP
distribution

Fig. shows that the highest reflectivity is from MgO (200), while the lowest
one is from ZnO (002). Such result gives the indication of using MgO as a
neutron monochromator rather than the others.

RESULTS AND DISSCUSIONS
1. Calculation of the Rocking curve of both Metals and oxides single crystals

Fig .demonstrates that the highest reflectivity is from Be (0 0 2) while the lowest
is from Zn (0 0 2), since the crystallographic quantity of Be is much bigger than
that of Zn at the same effective thickness (teff= tocosecθ). Also reflecting power
reaches a maximum at η = 0.6◦with resolution ∆λ/λ ≤ 4%. Pb has almost the same
features as that of beryllium but with less reflectivity. One can see that the
resolution of the reflecting power from Pb (3 1 1) is much better than beryllium
and z.

Metal single-crystals

RESULTS AND DISSCUSIONS
1. Calculation of the Neutron integrated reflectivity vs. Thickness for oxides

RESULTS AND DISSCUSIONS
1. Calculation of the Neutron integrated reflectivity vs. Thickness for metals

Fig. shows that, for Be (0 0 2), Zn (0 0 2) and Pb (3 1 1)
as a neutron monochromator the suitable thickness are
from 4 to 10 mm . The choice depends upon the
experimental requirements, its cost and the ratio of the
accompanied higher order reflections. Further, the
contaminations of higher orders from Be (0 0 2) are higher
and more rapidly increasing than from Zn (0 0 2). Thus Zn
(0 0 2) single crystal is the better choice.

Fig. Also demonstrates that Pb (3 1 1) is much better,
since the accompanying second order contaminations are
less than the other cuts. These contaminations are true
when the incident neutron beam distribution is constant.

RESULTS AND DISSCUSIONS
1. Reflection at different wavelengths from oxides

Since the reflected neutron monochromatic
intensities and its higher orders
contaminations from oxides single- crystals
were found to depend upon both the reactor
moderating temperature and the value of the
selected monochromatic wavelength,
therefore the integrated intensity of
monochromatic neutrons from 5mm thick
crystals and the accompanying higher orders
were calculated as a function of the neutron
wavelength λ, i.e. glancing angle θ.

RESULTS AND DISSCUSIONS
1. Reflection at different wavelengths from metals
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RESULTS AND DISSCUSIONS
1. Reflection at Thermal  reactor flux from oxides

Fig. shows that MgO (200) is the best
choice as a neutron monochromator
without the need for a filter for
monochromatic neutrons from a thermal
reactor flux up to λ = 0.12 nm, while for
BeO (002) and ZnO (002), λ is up to
0.24 nm.

RESULTS AND DISSCUSIONS
1. Reflection at Thermal  reactor flux from metals

Fig. illustrates that a 5.0 mm Be (0 0 2) is the best
choice as a neutron monochromator without the need
for a filter for selected monochromatic neutrons from a
thermal reactor flux up to lambda=0.15 nm. Zn (0 0 2)
having the same features with intensity is much less
than the later. The same monochromatic features with
less reflectivity are of Pb cutting along (3 1 1) plane.
However, Pb (3 1 1) is more preferred than others at
neutron wavelengths ≤0.1 nm, since the glancing angle

( 22 )  

is more suitable to carry out diffraction experiments.

RESULTS AND DISSCUSIONS
1. Reflection at Cold  reactor flux from oxides

Fig. shows if a cold reactor flux is available then,
the use of Be single crystal is free from the higher
order contaminations up to 0.36 nm. Additionally Zn
(0 0 2) single crystal come with the added advantage
that one can select monochromatic neutrons with
wavelengths longer than 0.36 nm and up to 0.5 nm.

RESULTS AND DISSCUSIONS
1. Reflection at Cold  reactor flux from metals

From Fig. if a cold reactor flux is available, the
use of the single- crystal oxides  as a neutron
monochromators free from higher order
contaminations at λ≥ 0.24 nm is more appreciated.
Moreover, ZnO (002) comes with the added
advantage that one can select monochromatic
neutrons with wavelengths longer than the others,
and up to λ = 0.5 nm.

1- The simple formula determining the transmission of neutrons by a single crystal,
together with the developed and designed computer codes permit calculation of the
reflecting power from both thermal and cold reactor fluxes.

2-The reflecting power of the Bragg reflections from the allowed (h k l) planes are
calculated assuming that the bulk single-crystal consists of thin layers such that the
extensions inside the layer are negligible.

4-Calculations indicate that Be and MgO single crystals cut along its (0 0 2) and (2 0
0) planes having 0.5° FWHM on mosaic spread are the optimum parameters when it
used as a neutron monochromators at wavelengths <0.18 nm with high reflectivity than
others.

5-Single crystal of Pb (3 1 1) with mosaic spread  = 0.6o is more preferred than MgO
and ZnO ones when it used as a neutron monochromator since the glancing angle
(θ~20°) is more suitable to carry out diffraction experiments.

Conclusions

Element Cutting plane Mosaic spread Thickness

Be 0 0 2 5 mm

Zn 0 0 2 5 mm

Pb 3 1 1 5 mm

BeO 0 0 2 5 mm

MgO 2 0 0 5 mm

ZnO 0 0 2 0.5o 5 mm

The optimum parameters  of single crystals as a thermal neutron
monochromators
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