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The special properties of slow neutrons enable unique types of measurements sensitivite to a
variety of exotic weakly-coupled interactions from BSM physics. We describe recent work and
future opportunities. This work relies on continued access to neutron sources and instrumentation.

PACS numbers:

The special properties of slow neutrons enable unique
types of precision measurement. The electrical neutral-
ity of the neutron coupled with its small magnetic mo-
ment and very small electric polarizability make it in-
sensitive to many of the electromagnetic backgrounds
which can plague experiments that employ test masses
made of atoms. The ability of slow neutrons to pene-
trate macroscopic amounts of matter and to interact in
the medium with negligible decoherence allows the quan-
tum amplitudes governing their motion to accumulate
large phase shifts which can be sensed with interfero-
metric measurements [1–3]. These features of slow neu-
tron interactions have been exploited in several searches
for possible new weakly coupled interactions of various
types, including chameleon dark energy fields, light Z

′

bosons, in-matter gravitational torsion and nonmetric-
ity of spacetime, axion-like particles, and exotic parity-
odd interactions [4–17]. This strategy can succeed de-
spite the uncertainties in our knowledge of the neutron-
nucleus strong interaction. In the slow neutron regime
with kR � 1 where k is the neutron wave vector and
R is the range of the neutron-nucleus strong interaction,
neutron-nucleus scattering amplitudes are dominated by
s-wave scattering lengths which are accurately measured
experimentally. This makes coherent neutron interac-
tions with matter sufficiently insensitive to the compli-
cated details of the strong nucleon-nucleus interaction
that one can cleanly interpret and analyze searches for
small, exotic effects.

In this brief note we preset neutron searches for exotic
gravity as an example. Many theories beyond the Stan-
dard Model postulate short-range modifications to grav-
ity which produce deviations of Newton’s gravitational
potential from a strict 1/r dependence. Example specu-
lations include the idea of compact extra dimensions of
spacetime accessible only to the gravitational field [18–
20] and the idea that gravity might be modified on the
length scale of 100 microns corresponding to the scale
set by the dark energy density [21]. Many extensions to
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FIG. 1: Limits on the strength and range of short-range
gravitational interactions of matter using neutrons and other
probes in the 10−8 − 10−13 meter range.

the Standard Model of particle physics produce weakly
coupled, long-range interactions [22, 23]. Certain can-
didates for dark matter in the sub-GeV mass range can
induce Casimir-Polder-type interactions between nucle-
ons [24, 25] with ranges from nuclear to atomic scales.

It is common to analyze experiments searching for
these modifications [26] using a potential of the form
V ′(r) = −GMm

r [1 + α exp{(−r/λ)}]. The best present

constraints on α for λ between 10−8 and 10−13 m come
from neutron scattering. Some constraints come from
analysis of the neutron energy and A dependence of
neutron-nucleus scattering lengths [47] measured to bet-
ter than 0.1% accuracy for several nuclei. Other exper-
iments have measured the angular distribution of neu-
trons scattered from noble gases to search for a deviation
from that expected in this theoretically calculable sys-
tem [28, 29]. At shorter distances the best limits come
from the measured energy dependence of neutron-nucleus
cross sections in lead [4, 30] and from very high-energy
forward cross-section measurements at accelerator facili-
ties [31].

The prospects for continued experimental progress are
excellent. Ultracold neutrons are employed in gravity
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resonance spectroscopy [35, 36], which creates coherent
superpositions of bound states of neutrons formed in a
potential from the Earth’s gravity and a flat mirror. One
can drive and resolve resonance transitions using acous-
tic transducers in a vibrational version of Ramsey spec-
troscopy. qBOUNCE has successfully conducted proof of
principle measurements demonstrating vibrational Rabi
spectroscopy [37], and has sought several different types
of exotic interactions [12, 17, 38–40] through the influ-
ence of interactions sourced by the mirror material on the
neutrons [41]. A new qBOUNCE apparatus which imple-
ments vibrational Ramsey spectroscopy has seen its first
signal [42]. The GRANIT UCN spectrometer [32] at the
ILL/Grenoble can conduct precision measurements on
UCN gravitational bound states [33] with higher statis-

tics when it is fed by a superfluid-helium-based UCN
source [34]. With a bright very-cold neutron (VCN)
source one could employ a Lloyd’s mirror interferome-
ter [43–45] to look for exotic interaction phase shifts from
the mirror surface. Dynamical diffraction in perfect crys-
tals can measure neutron scattering amplitudes at values
of q of about an inverse Angstrom and is sensitive to
several types of exotic interactions [50, 51]. The angular
distribution of neutron scattering from noble gas atoms is
sensitive to exotic Yukawa interactions through the q de-
pendence of the scattering form factor and measurements
in progress at JPARC promise to better constrain ex-
otic Yukawa interactions with ranges near the Angstrom
scale.

[1] J. S. Nico and W. M. Snow, Ann. Rev. Nucl. Part. Sci.
55, 27 (2005).

[2] D. Dubbers and M. G. Schmidt, Rev. Mod. Phys. 83,
1111 (2011).

[3] G. Pignol, Int. J. Mod. Phys. A 30, 1530048 (2015).
[4] H. Leeb and J. Schmiedmayer, Phys. Rev. Lett. 68, 1472

(1992).
[5] S. Baessler et al., Phys. Rev. D 75, 075006 (2007).
[6] A. Serebrov, Physics Letters B 680, 423 (2009).
[7] V. K. Ignatovich and Y. N. Pokotilovski, Eur. Phys. J. C

64, 19 (2009).
[8] F. M. Piegsa and G. Pignol, Phys. Rev. Lett. 108, 181801

(2012).
[9] H. Yan and W. M. Snow, Phys. Rev. Lett. 110, 082003

(2013).
[10] R. Lehnert, W. M. Snow, and H. Yan, Phys. Lett. B 730,

353 (2014).
[11] R. Lehnert, W. M. Snow, and H. Yan, Phys. Lett. B,

744, 415 (2015).
[12] T. Jenke et al., Phys. Rev. Lett. 112, 151105 (2014).
[13] H. Lemmel et al., Phys. Lett. B 743, 310 (2015).
[14] K. Li et al., Phys. Rev. D 93, 062001 (2016).
[15] R. Lehnert et al., Phys. Lett. B 772, 865 (2017).
[16] C. Haddock et al., Phys. Lett. B 783, 227 (2018).
[17] G. Cronenberg et al., Nat. Phys. 14, 1022 (2018).
[18] N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys.

Lett. B 429, 263 (1998); Phys. Rev. D 59, 086004 (1999).
[19] E. G. Adelberger, B. R. Heckel, and A. E. Nelson, Annu.

Rev. Nucl. Part. Sci. 53, 77 (2003).
[20] A. Frank, P. Van Isacker, and J. Gómez-Camacho, Phys.
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