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Principle and Moftivations

The exotic interactions beyond standard model have been explored in experiments all over the world, however, no evidence of such interactions has yet been
found. We explore the existence of exotic interactions using Pendellosung interferometry which can precisely measure the interactions acquired by neutrons.

The Pendellosung interferometry using slow neutron is
observed by dynamical diffraction in a perfect crystal on
Bragg condition of Laue geometry. The diffracted neutrons are Neutrons

described by 4 wave functions (1), in which the interference vWwwWWwWWWWWWWWW
between the a state and [3 state is called the Pendellosung K=
interferogram. The intensity fringe in the central part
provides the phase shift acquired by neutrons (2). The 5
averaged crystal potential v, is obtained from this phase shift, 2
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Debye-Waller factor (DWF) B Mean square charge radius (r>) Fifth force b;
It accounts for the thermal This is the main contribution of Determinations of b, can be used to study The beyond standard model predicts the “Fifth force” as
motion of the atoms in the lattice. b(0), which accounts for neutron the neutron’s internal charge distribution exotic interactions. Yukawa modified gravity is assumed as
There is potentially-interesting and nucleon scattering. This or as a parameter in chiral effective field the general form of the fifth force, where a is the coupling
condensed matter physics. value is measured by neutron theory (EFT) studies of light nuclei. constant and A« is the interaction length
interferometers. - |
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Experimental Results

The experiments were carried out on the NG7 Neutron Interferometry and Optics Facilities “NIOFa” in NIST NCNR. The averaged crystal potentials were
measured in the (111), (220), and (400) lattice planes of the silicon perfect crystals. To remove the dominant uncertainty source which is the absolute crystal
thickness, the Pendellosung experiment was combined with the Mach—Zehnder type Neutron Interferometer (NI) experiment.
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Conclusion and Future Plan

We explore the existence of exotic interactions predicted by the beyond standard model by precise measurement of interactions acquired by neutrons in
perfect crystals. We have combined the mature technologies of the Neutron Interferometer and Pendellosung Interferometer and used advanced processing

technology to achieve high-precision measurements. This experiment can probe not only the exotic interactions but also the fundamental parameters (r,%) and
B of DWF. We plan to update the determination accuracy and constraints of these parameters with:

Using other lattice planes — Stronger determination of J-dependence of b((Q)/b(0)
Using Germanium crystal — Constraints due to exclusion of atomic dependence B ook ot al.. Science 373 6560 (2021)
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