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Postulated 1920: Rutherford
Confirmed  1923 : Chadwick

Sensitive to the 4 forces

Cornerstone for the Standard model

Ideal QM tool / Wave-particle duality

Total Reflection 1946

Interferometry 1973

Size: rn~1F [area~ 10-25 cm2=0.1 “barn”]

2-HISTORICAL BACKGROUND: 

FROM CHADWICK VIA FERMI TO  RAUCH
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Sensitive to the 4 forces

Cornerstone of the 
Standard model

Neutron decay 

Neutron decay

2-HISTORICAL BACKGROUND: 

GLUON NATURE
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Sensitive to 4 forces

Cornerstone of the Standard model

Neutron decay

S.P.-2015, Pakistan 26-29/08/2015

2-HISTORICAL BACKGROUND: 

GLUON NATURE



 Cornerstone for the Standard model

 Lifetime: τn=885.7 +/- 0.8 s

2-HISTORICAL BACKGROUND: 

GLUON NATURE
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Ideal Quantum Mechanics tool 

l = h/mv

2-HISTORICAL BACKGROUND: 

WAVE PARTICLE DUALITY
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Total Reflection “Fermi, 1946”,

Polarization “Gukasov, 1954”,

Thin Film Interference “Maier-Leibnitz, 1962”,

Prism Deflection “Landkammer/ Korpiun, 1966”,

Neutron Interferometry “Rauch, 1973”,

Supermirrors “Mezei, 1978”,

Neutron Tunneling “Refl. mode, Steyerl, 1981”,

Sagnac Effect “Werner, 1985”,

Aharonov-Bohm Effect “Collela, 1993”,

Neutron Tunneling “Ref./Trans “Maaza & al, 1996”,

Neutron Goos-Hanschen“de Haan & al, 2010”.

Zeeman Tunneling “Ref. “Maaza & al, 1997”

2-HISTORICAL GROUND: WAVE NATURE

WAVE PARTICLE DUALITY
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Neutron Interferometry “H. Rauch, 1973”,

2-HISTORICAL GROUND: WAVE NATURE

WAVE PARTICLE DUALITY
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.Neutron energy Energy range 

.0.0–0.025 eV Cold neutrons

.0.025 eV Thermal neutrons 

.0.025–0.4 eV Epithermal neutrons

.0.4–0.5 eV Cadmium neutrons 

.0.5–1 eV Epi-Cadmium neutrons

.1–10 eV Slow neutrons 

.10–300 eV Resonance neutrons 

.300 eV–1 MeV Intermediate neutrons

.1–20 MeV Fast neutrons 

.> 20 MeV Ultrafast neutrons 

NEUTRON OPTICS: THERMAL NEUTRONS



.Controlled 

Fission + Thermalization + Moderation

RESEARCH REACTORS: THERMAL NEUTRON
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WavePacket & Schrodinger Equation.

3-NEUTRON OPTICS :REFRACTIVE INDEX
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3-NEUTRON OPTICS :REFRACTIVE INDEX

Ni

Ti

bNi= +10.31

b58Ni= +14.41

bTi= - 3.438

b48Ti= - 6.08

bV= -0.3824

bMn= -3.73

bDy= -+16.92

saDy= -+994.13
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3-NEUTRON OPTICS :TOTAL REFLECTION

Total Reflexion plateau
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Qi ≈ 1 Deg

VFermi ≈ 

10-5 eV,

n ≈  1
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3-NEUTRON OPTICS :TOTAL REFLECTION

Quantum Mechanics governed phenomena

Maximize the reactor capabilities via n-guides

3-NEUTRON OPTICS :TOTAL REFLECTION



4-NEUTRON TUNNELING:NEUTRON LIFETIME

200 Å Ni-1000 Å natV-200Å Ni /0.1 mmSilicon

Dr =200 Å Ni DS=1000 Å natV Qi =0.5 deg

Fabry-Perot structure (FPResonance 
Equation).
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200 Å Ni-1000 Å natV-200Å Ni /0.1 mmSilicon

Dr =200 Å Ni DS=1000 Å natV Qi =0.5 deg
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4-NEUTRON TUNNELING:NEUTRON LIFETIME

Resonance modes: 5 modes

Dr =200 Å Ni DS=1000 Å natV Qi =0.5 deg
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4-NEUTRON TUNNELING:NEUTRON LIFETIME

200 Å Ni-1000 Å natV-200Å Ni /0.1 mmSilicon

Dr =200 Å Ni DS=1000 Å natV Qi =0.5 deg
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4-FORESIGHT:NEUTRON LIFETIME

Reactors are limited by  heat removed from core

Pulsed sources have not reached yet that 
limit

High flux cold sources 
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 Cornerstone for the Standard model

 Lifetime: τn=885.7 +/- 0.8 s
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4-FORESIGHT:NEUTRON LIFETIME



ZEEMAN-BEAM POLARIZATION

Maaza et al, Phys. Lett. A & Phys. Reports

4-FORESIGHT:NEUTRON LIFETIME



ISOTOPICAL EFFECT

Maaza et al, MRS Advances2019

4-FORESIGHT:NEUTRON LIFETIME



4-LITERATURE:NEUTRON LIFETIME
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Qi ≈ 1 Deg

5-NEUTRON TUNNELING:TRANSPARENT 

BORON GATES

 Most important neutron absorbers: 10B as 10B4C in control 

rods, or Boric acid as a coolant water additive in PWRs.  

 Other important neutron absorbers that are used in 

nuclear reactors Xe, Cd, Hf, Gd, Co, Sm,, Dy, all of which 

usually consist of mixtures of various isotopes—some of 

which are excellent neutron-absorbers. These also occur in 

combinations such as Mo2B5, HfB2, TiB2, 

Neutron 

capture



Qi ≈ 1 Deg

5-NEUTRON TUNNELING:TRANSPARENT 

BORON GATES

R=0%,

T=0%

A=100%

Neutron 

capture

Absorbing slab



5-NEUTRON TUNNELING:TRANSPARENT 

BORON GATES

B4C:

natB:

20% 10B

80% 11B

Neutron capture

Absorbing slab

Qi ≈ 1 Deg



5-NEUTRON TUNNELING:TRANSPARENT 

BORON GATES

DTi= 12 nm

DB4C= 2 nm

(a)9 bilayers

(b)25  ……..

(c)50  ……..

Neutron

0.2 barn

10B

200 barns
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Zeldovich-Vinogradov 

equation (X-Rays)

DTi= 12 nm

DB4C= 2 nm

(a)9 bilayers

(b)25  ……..

(c)50  ……..

Highly Absorbing 

layer: B4C

Weakly Absorbing

Transparent layer:

Ti
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Zeldovich-Vinogradov 

equation (X-Rays)

DTi= 12 nm

DB4C= 2 nm

(a)9 bilayers

(b)25  ……..

(c)50  ……..

Highly Absorbing 

layer: B4C

Weakly Absorbing

Transparent layer:

TiQi≈1 Deg

Deff≈DB4C/sinQ

Deff≈200nm≈105F

DB4C



5-NEUTRON TUNNELING:TRANSPARENT 

BORON GATES

DTi= 12 nm

DB4C= 2 nm

(a)9 bilayers

(b)25  ……..

(c)50  ……..

Highly 

Absorbing 

layer: B4C

Weakly 

Absorbing

Transparent 

layer:

Ti

1st order Bragg Peak

Periodicity interference

R=12.4 %

Kiessig Fringes:

Air-ML & ML-Substrate

interference



5-NEUT TUNNELING:TRANS BORON GATES

DTi= 12 nm

DB4C= 2 nm

(a)9 bilayers

(b)25  ……..

(c)50  ……..

Highly 

Absorbing 

layer: B4C

Weakly 

Absorbing

Transparent 

layer:

Ti

1st order Bragg Peak: R=12.4 % (a),60.6%(b),  73.5%(c)
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5-NEUT TUNNELING:TRANS BORON GATES



THANK YOU, NDIALIVUHA

CHUKRAN, MERCI,DANKE

S.P.-2015, Pakistan 26-29/08/2015
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