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NEUTRON LIFETIME: b-DECAY
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ON NEUTRON WAVE-PACKETS, NEUTRON 
TRAPPING IN NANOSTRUCTURE & 
NEUTRON LIFETIME

•Fµn: Salam-Weinberg-Glashow
Model /Electroweak forces, W,Z 
+ Strong forces (1976)

• H: Higgs Boson

• R: Gravitational component/
Space-time curvature
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NEUTRON: COSMOLOGY PERSPECTIVE
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NEUTRON LIFETIME & S.M.
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|Vud|2 +|Vus|2 +|Vub|2 = 0.9994±0.0005 . 
Most precise value of |Vud| is derived from  neutron decay

|Vud|2 = (4908.7 ± 1.9)/⟨τn⟩(1 + 3ς2)ς,

ς, being the ratio of the axial-vector and vector couplings. 

NEUTRON LIFETIME & S.M.
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ASP2022 Webinar , Garieka-South Africa 01-05-2021 

The average neutron lifetime derived from:
Beam approach was found to be ⟨τn⟩Beam ∼ 888.0 ± 2.0 s 
Bottle technique of about ⟨τn⟩Bottle ∼ 879.4 ± 0.6 s 
This difference of ∼10 s persists for years up to now 
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NEUTRON: b-DECAY 
& NUCLEAR-CHART PERSPECTIVE

b+ DECAY 
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NEUTRON: ELEMENTS PERSPECTIVE
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NEUTRON: ELEMENTS PERSPECTIVE

American Physical Society (APS), Lund-Sweden27March 2025



NEUTRON WAVE-MATTER: ODYSSEY-1987

•  JNR
⌇ 2024
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NEUTRON WAVE-MATTER: ODYSSEY-1987

•  NIMB
⌇ 1993
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NEUTRON WAVE-MATTER: ODYSSEY-1987

•  Phys.Lett.A
⌇ 1994

• FLNP-JINR
⌇ 1993
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COLD & ULTRA-COLD NEUTRONS 
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NEUTRON OPTICS:BASICS
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X-RAYS OPTICS:

Neutron Wave-Packet  ==Photon in S-polarization state
American Physical Society (APS), Lund-Sweden27March 2025



NEUTRON OPTICS:BASICS
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TOTAL REFLECTION “Fermi, 1946”,
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TOTAL REFLECTION PHENOMENON
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TOTAL REFLECTION PHENOMENON
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WAVE BEHAVIOR OF ‘n’
•Total Reflection “Fermi, 1946”,
• Polarization “Gukasov, 1954”,
• Thin Film Interference “Maier-Leibnitz, 1962”,
• Magnetic polarization/spin flipping“Drabkin, 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, Polar“Maaza & al, 1996”,
• Neutron Tunneling “Modelling “Ignatovich & al, 1997”,
• Neutron Goos-Hanschen“de Haan & al, 2010,
• Neutron Holography “Sarenac, Pushin & al,2016”.

NEUTRON OPTICS:N.WAVE-PACKET
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FRUSTRATED TOTAL REFLECTION.

Z

VFermi
(Qi << 1°)

Low refractive index (bn>0)
High refractive index (bn<0)
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TOTAL REFLECTION
of NEUTRON WAVE-PACKETS.
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1-NEUTRON TRAPPING: 
NEUTRON CONFINMENT IN NANO-F.P.
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FRUSTRATED TOTAL REFLECTION
OF NEUTRON WAVEPACKETS.

The average neutron lifetime derived from:
⟨τn⟩Beam ∼ 888.0 ± 2.0 s 
⟨τn⟩Bottle ∼ 879.4 ± 0.6 s 
Trapping time in Fabry-Perot Nano-resonator” ± 10-12 s
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• QED: The Magneto-Gravitational UCN Trap 
• Lifetime:                τn=877.7 +/- 0.6 s

NEUTRON LIFETIME: BOTTLE TECH.
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• QED: Time of Flight Method
• Lifetime:                         τn=885.7 +/- 2.0 s

. 

NEUTRON LIFETIME: BEAM TECH.
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FRUSTRATED TOTAL REFLECTION.

Wavelength 
(nm)The evolution can be reasonably described by a 

quadratic curve τtrapping ≈ −0.084λ + 0.7λ2. Hence, by 
extrapolation, for ultra-cold neutrons with wavelength of 
100 or 1000 nm, τtrapping would be of 7 µs and 700,084 µs



ULTRA-COLD NEUTRON SOURCES
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U2ACN2: ENERGY EFFICIENCY/MINERAL 
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nanoresonator Heisenberg uncertainty governed 
precision: Neutron lifetime considerations,
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4- Conclusion/Foresight
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U2ACN2: ENERGY EFFICIENCY/MINERAL 
BENEFICIATION

F.P. NANO-RESONATORS COUPLING

Qi ≈ 1 Deg

Neutron 
capture: 
B4C
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Qi ≈ 1 Deg

2-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

NEUTRON WAVE-PACKET RESONANCE: 
BORON TRANSPARENCY
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• Most important neutron absorbers: 10B as 10B4C in control 
rods, or Boric acid as a coolant water additive in PWRs. 

Neutron 
capture

BORON ABSORPTION CROSS SECTION: 
REACTORS’ BARS CONTROL
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BORON ABSORPTION CROSS SECTION: 
BORON NEUTRON CAPTURE THERAPY
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BORON ABSORPTION CROSS SECTION: 
BF4 NEUTRON DETECTORS
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TMSC-TAIWAN & Nano-Processors.
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2-TUNNELING THROUGH 10B:NOVEL OPTICS
•Resonance conditions:
•Dr =2 nm B4C •DS=120nm natTi •Qi =0.5 deg

NEUTRON WAVE-PACKET RESONANCE: 
BORON TRANSPARENCY

Bragg diffraction:  2 L sinQi ≈  kl

Kiessig & resonance condition:
Ltotal Qmax ≈  k’2 p
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Resonance 
conditions:
Zeldovich-
Vinogradov
equation (X-Rays)
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NEUTRON WAVE-PACKET RESONANCE: 
BORON TRANSPARENCY
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•Resonance conditions:
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NEUTRON WAVE-PACKET RESONANCE: 
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2-TUNNELING THROUGH 10B:NOVEL OPTICSNEUTRON WAVE-PACKET RESONANCE: 
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ULTRA-COLD NEUTRON SOURCES
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EUROPEAN SPALLATION SOURCE:
ULTRACOLD NEUTRONS SOURCE
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2000 2002 2003  2005   2010    2011 2012 

R&D NETWORKS/CONT.INFRASTRUCTURE: 
HIGH ENERGY STEREOSCOPIC SYSTEM:

”HESS”
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R&D NETWORKS/CONT.INFRASTRUCTURE: 
GAMMA RADIATION DETECTOR:

”GAMKA”
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g-RADIOLYSIS: FROM MAXWELL’S 
CONCEPT TO NANOFLUIDS

James Clerc Maxwell,1867
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g-RADIOLYSIS: FROM MAXWELL’S 
CONCEPT TO NANOFLUIDS

�sthermalEG: ~0.327 W/mK
�GNs-EG: ~6.25%
�AgNPs-GNs: ~12.5%.
�AgNPs-GNs-EG:33%



U2ACN2: ENERGY EFFICIENCY/MINERAL 
BENEFICIATION

1-Wave-Matter Quantum 
Neutron Optics,

2A-Trapping neutron in Single Fabry-Perot 
nanoresonator Heisenberg uncertainty governed 
precision: Neutron lifetime considerations,

2B-Free propogation of  neutrons in coupled  Fabry-
Perot  nanoresonators with 10B

2C-g-Radiolysis: From Maxwell  to Nanofluids 

4- Conclusion/Foresight

Neutron Diamond Jubilee, U2ACN2, Sept.2022, Lund-Sweden, UCN-ESS2022

OUTLINE
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ULTRA-COLD NEUTRON SOURCES
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EUROPEAN SPALLATION SOURCE:
BRITHNESS
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EUROPEAN SPALLATION SOURCE:
ULTRACOLD NEUTRONS SOURCE
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FRUSTRATED TOTAL REFLECTION.

ASP2022 Webinar , Garieka-South Africa 01-05-2021 

The average neutron lifetime derived from:
Beam approach was found to be ⟨τn⟩Beam ∼ 888.0 ± 2.0 s 
Bottle technique of about ⟨τn⟩Bottle ∼ 879.4 ± 0.6 s 
Steyerl & al,Trapping in Fabry-Perot Nano-resonator” ± 10-6 s

Trapping in Fabry-Perot Nano-resonator” ± 10-12 s
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TYPICAL NEUTRON GUIDE HALL
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NUCLEAR SCATTERING AMPLITUDE.
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