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Introduction

The fundamental and basic behaviours of systems at atomic and smaller dimensions are described by quantum theory. The theory
was vigorously explored in the twentieth century and served as the foundation for current technologies such as quantum
electronics, solid-state engineering, and the introduction of laser and nuclear engineering. In contrast to these enormous results of
considerable relevance and worth, quantum theory's entire vision of the world is somewhat perplexing. For example, classical
theories can provide deterministic predictions, which we are accustomed to in our daily lives; quantum theory principles, which
guide reasoning within a given scenario, are guided by a probability law. The neutron interferometer, constructed of a monolithic
silicon perfect-crystal structure, was invented in 1974 it is a device in which particles, namely neutrons, display wave
characteristics under particular conditions. The interferometer is about 10 cm long. Thermal neutrons with energy of around 20
meV, velocity of about 2 km/s, and wavelengths of about 2 are employed in all of the neutron optical experiments reported. The
interferometer's maximal neutron flux is in the order of 100/s. Because of the neutron interferometer's provided parameters of
flux, velocity, and diameter, the great majority of neutrons pass through it alone, while the next detected neutron is often still
bound in the reactor's fuel.

Neutron interferometry has long been recognised as one of the most fruitful ways to studying fundamental quantum physics
events. To name a few, demonstrations of the 4 -symmetry of a spinor wave function and a gravitationally driven phase shift
were made; spinor superposition of a 1/2-spinor was clearly proved by incorporating spin manipulation in the interferometer.
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Description

Entanglement between different degrees of freedom in a single particle, i.e., a neutron, has recently been used to demonstrate
quantum conceptuality peculiarities; the violation of a Bell-like inequality is confirmed by the use of entanglement between two
degrees of freedom, followed by further performances with multi-partite entangled states implemented in a single neutron. Well!
"I've often seen a cat without a grin," Alice thought, "but a grin without a cat!" It's the strangest thing I've ever seen in my life!"
Lewis Carroll's Alice had many weird encounters in Wonderland, but meeting the Cheshire cat, whose body can disappear but its
grin remains, still baffles her. Quantum mechanical experiments can yield a similar effect. Neutrons' particle and spin properties
can "appear to be separated in different paths" of a Mach-Zehnder interferometer. The spin is connected with the cat's grin, while
the particle is identified with the cat's body.

The first experiment includes two extensions, one including a delayed separation option, another separating a third attribute, and
the exchange of grins in a photonic system. The description will employ a particle image to emphasise the counter-intuitive
nature of the observed events. This interpretation "infers the locations of properties” by using weak values. In another
perspective, weak values merely characterise the intensity's reactions to weak interactions. The reactions then occur as a result of
the coherent superposition of several sub-states, which are recombined after the selection. Weak measurements of the neutron
spin component in each direction are obtained by providing an additional weak magnetic field in path | or path I, resulting in
modest spin rotation angles. This approach enables us to "probe the presence of neutron spin™ in the relevant channel. The criteria
of a weak measurement is met by setting the magnetic field to be sufficiently minimal; spin rotations of 20 were utilised in this
experiment. An additional magnetic field in path | causes interference fringes with a contrast of 0.3, confirming the "presence of
the neutron’s spin.” In path 1l, however, the identical field induces no substantial change in intensity modulation.

Conclusion

We presented recent results from neutron interferometer experiments that study versions of the quantum Cheshire cat
phenomena, the detection of neutron presence in interferometer channels, and a commutation relation. It is worth noting that all
experiments make use of weak measurements; they allow access to reactions to little perturbations of the quantum states under
examination that would not be possible with standard measurements. Weaker interactions allow us to investigate quantum
dynamics in more depth. Aharonov and his colleagues created the theoretical framework of the weak measurement and the weak
value, a type of quantum variable expressing the intermediate response of a quantum system, which was followed by consecutive
experimental results.

The first experiment demonstrating the impact of the quantum Cheshire cat clearly shows that the system behaves as if the
neutrons go down one beam path while their magnetic moment “travels along the other path." The delayed-choice experiment
that follows allows us to resolve the fact that the behaviour and spin of the neutron are completely affected by the decision of the
selection at a later time; quantum-mechanical causality is implemented. The final experiment, which examined the effect of the
quantum Cheshire cat with a three path neutron interferometer, provides a more precise explanation of the origin of the quantum
system's apparent behaviour; unique reactions to weak interactions are due to the post-filtering technique.
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