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We propose to use p-wave neutron-nucleus resonances in heavy nuclei, which are known from
experiment to amplify parity-odd amplitudes by 106, to search for parity-odd and time reversal-odd

interactions. Forward transmission of polarized neutrons (~sn) of momentum ~kn through polarized

nuclear targets (~I) sensitive to the P-odd/T-odd forward amplitude term ~sn ·( ~kn×~I), can be realized
as a null test for time reversal violation in the neutron optical limit. Recent neutron spectroscopy
experiments have shown that the 0.7 eV p-wave resonance in 139La can also amplify P-odd/T-
odd neutron-nucleus interactions by 106. The statistical sensitivity to the P-odd/T-odd forward
scattering amplitude achievable at present MW-class short pulsed spallation neutron sources in
polarized neutron transmission through polarized 139La at the 0.7 eV p-wave resonance is comparable
to near-term neutron electric dipole moment searches but with different sensitivities to possible BSM
P-odd/T-odd amplitudes. Neutron optical components used in a recent demonstration of negligible
decoherence of slow neutron beams entangled in spin, position, and energy degrees of freedom
passing through macroscopic amounts of matter can enable the apparatus to be configured as an
interferometer for systematic error suppression.

PACS numbers:

New sources of time reversal violation are needed to ex-
plain the baryon asymmetry of the universe in Big Bang
cosmology according to the Sakhaorv argument [1]. Neu-
tron interactions with heavy nuclei at certain compound
nuclear p-wave resonances can be used to search for P-
odd/T-odd interactions through a term in the neutron

forward scattering amplitude of the form ~sn · (~kn × ~I),

where ~sn is the spin of the neutron, ~kn is the neutron

momentum, and ~I is the spin of the nucleus. The highly
excited states in heavy nuclei involved in this type of
search offer a qualitatively different environment from
the ground states probed by electric dipole moment ex-
periments of nucleons and nuclei. The ratio of the P-
odd and T-odd amplitude to the P-odd amplitude on the
same p-wave resonance is quite insensitive to unknown
properties of the compound resonant states involved. In
the case of the forward elastic neutron scattering am-
plitude, since the state of the polarized target does not
change and since the optical theorem relates the imagi-
nary part of the forward scattering amplitude to the cross
section, the cross section differences for the forward and
time reversed processes are proportional to amplitude dif-
ferences and therefore can realize a sensitive null test for
T invariance which is in principle free from the effects of
final state interactions [2–4].

Amplifications of P -odd neutron amplitudes in com-
pound nuclear resonances by factors of 106 above the
10−7 effects expected for weak NN amplitudes compared
to strong NN amplitudes have already been observed [5]
in measurements of ∆σP several heavy nuclei, including
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some at p-wave resonances in the few eV energy range
such as 139La [6], 131Xe [7, 8], and 81Br [9–11]. This
amplification from mixing of nearby s and p-wave res-
onances was predicted theoretically before it was mea-
sured, and the same resonance amplification factor ap-
plies to a P -odd and T -odd amplitude up to factors of
order unity. Although the nuclear states involved are
extremely complicated at the level of the many-body nu-
clear wave functions, one can form a dimensionless ra-

tio λPT = ∆σTP

∆σP
= κ(J)

<φp|VPT |φs>
<φp|VP |φs>

of the T-odd, P-

odd asymmetry ∆σTP of interest to the measured P-odd
asymmetry ∆σP at the position of the enhanced p-wave

resonance energy, the ratio
<φp|VPT |φs>
<φp|VP |φs>

of the matrix el-

ements of the P-odd and T-odd interaction to the P-odd
interaction between the same pair of s and p wave reso-
nance states |φs > and |φp >, and a spin-weighted sum of
resonance partial widths κ(J) which can be determined
experimentally using (n, γ) spectroscopy. Since this ra-
tio involves expectation values in the same compound
nuclear wave functions it can possess a clean theoretical
interpretation.

The statistical uncertainty that could be achieved in
such an experiment after 107 seconds of data in 139La at
a MW-class short pulse neutron spallation source implies
that one can measure the ratio λPT to 1×10−4−1×10−5

sensitivity, which translates into an improved sensitiv-
ity to P-odd and T-odd neutron-nucleus interactions of
about an order of magnitude [3, 4, 12–14]. The 0.7 eV
resonance in 139La has a P-odd longitudinal asymmetry
of 9.5% [6] and is therefore a good candidate for this
search. κ has been constrained recently in 139La [15] to
be at least of order 1, and ongoing experiments at JPARC
will soon measure κ in other NOPTREX candidate nu-
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clei. Groups at KEK [16], Kyoto University [17], and
PSI [18] achieved substantial ( up to 50%) polarization of
139La nuclei in lanthanum aluminate crystals in volumes
as large as 10 cc, enough for the experiment, and R&D
to polarize 81Br [19] and 131Xe [20] is in progress. On-
going R&D on high phase space acceptance supermirror
neutron optics has the potential to improve the statistical
sensitivity in the future by another order of magnitude.

This estimated sensitivity accessible today is compa-
rable to that being proposed for the next-stage neutron
EDM searches. However as the neutron-nucleus system
possesses interactions not present in the single neutron
system involved in nEDM searches, it is quite possible
that P and T violation might be seen in one of these ob-
servables but not the other [21–24]. In particular, the
NOPTREX observable is sensitive to axion-like particles
with masses in the eV-MeV range [25, 26]. It is there-
fore very important to pursue such a search if one can
suppress the potential sources of systematic error. As no
such polarized neutron optics search for P-odd and T-
odd interactions has ever been conducted, the first real
experiment will represent a pioneering effort.

The bright pulsed sources of epithermal neutrons at
MW-class spallation neutron facilities like SNS and JSNS
have enough intensity at eV energies to reach the statis-
tical accuracy required for a sensitive search. The sep-
aration of neutron energies by time-of-flight from these
pulsed sources also allows a powerful search for system-

atic errors by looking above and below the neutron reso-
nance energy at both the transmitted and scattered neu-
trons. Existing technology for eV neutron polarization
using polarized 3He neutron spin filters suffice for the
measurement.

Birefringent neutron optical devices recently developed
for neutron spectroscopy can convert the NOPTREX
experimental apparatus into a spin-path interferometer,
similar to the Ramsey separated oscillatory field con-
figuration used in electric dipole moment searches but
operating with paths separated in space rather than in
time. These devices were recently used to entangle the
neutron spin and position or the neutron spin, position,
and energy variables into Bell and GHZ states, whose
degree of quantum entanglement was quantified by mea-
suring the appropriate Bell and GHZ entanglement wit-
nesses [27, 28]. The correlation observables in this exper-
iment took the largest possible value allowed by quantum
mechanics despite the passage of the polarized neutrons
through macroscopic amounts of matter. The small de-
coherence of the transmitted neutron state confirmed by
this work implies that neutron interferometric methods
based on this technology can be applied to NOPTREX
to help isolate the P-odd/T-odd signal of interest from
many possible sources of systematic error and help en-
sure that the neutron optical T-odd null test condition is
satisfied.
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