Neutron Compton scattering from LiH and LiD
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Neutron Compton scattering experiments on varioggrdgen containing materials have revealed a agiki
anomalous deficit in the intensity of the hydrogeaoil peak [1]. The shortfall in intensity rangdesm 20% up
to 50%, depending on the particular hydrogenouspomamd, and in most cases shows a dependence on the
scattering angle. Initially these experiments wereeived with great skepticism and questions weised
regarding the correctness of the results and tteatwlysis. Later detailed control experimentshi@le verified
the results and refuted the criticism. Recentlypsuting evidence for the effect has been founalectron
Compton scattering experiments [3]. Still, this girg phenomenon triggers vivid discussions regaydts
physical origin, with several different explanasagiven to date.

In the original publication of Chatzidimitriou-Dsehann et al. on #/D,O mixtures [4], where such
anomalies were reported for the first time, theefhas been attributed to quantum entanglemetfieoproton
with degrees of freedom in its environment. Accogdio these authors, the anomalies in the scagténtensity
are due to the extremely short time scale of thiésimn process (of the order of fs), which is caargible to the
lifetime of the entangled proton. Ideas of quantoherence/decoherence have been pursuit furthkabgson
& Lovesey [5] and Karlsson[6], who presented alsagh quantitative estimates of the expected saagter
intensity reduction. In a different line of reasomidue to Gidopoulos [7] and Reiter & Platzman {&g rapid
movement of the recoiling proton results in elegitcexcitations via the breakdown of the Born-Opgpsmer
approximation. Thus, scattering intensity is transd from the recoil peak to higher energies &gl leads to
the apparent reduction of the recoil intensity.

The motivation for the current work was to perfaardetailed and careful study of the phenomenonyelh
characterized samples, that would allow us todpstific aspects of the existing theories. For phigpose, LiH
and LiD were chosen as sample materials, whichtla@emost studied among the light alkali hydridesl an
deuterides. The wealth of information currentlyilalde on the electronic, lattice, optical and deferoperties
of these materials will greatly facilitate theocali model calculations and experimental comparis@wth
lithium hydride and deuteride may be currently otgd commercially in high purity due their techrgitzal
importance as hydrogen storage materials. It ischtiiat the substitution of hydrogen with deuteriplays an
important role in most of the proposed theoretegblanations and thus represents a very usefulftodhis
study. From the experimental point of view, lithilnydride and deuteride offer a significant advaatabe light
lithium atom has sufficiently high recoil energy 8wt its scattering signal is clearly discernifiem stray
signals of heavier atoms (e.g. from sample contaiog/ostat). This reduces significantly the expemtal
aberrations.

Neutron scattering measurements were performeukeat ESUVIO spectrometer of the ISIS pulsed neutron
source. The samples were polycrystalline LiH arid powders contained in a thin aluminum sample holge
a NCS experiment (also called deep inelastic nautmattering experiment), neutrons with energyhi range
of 10-150 eV are scattered by the nuclei in thepdankor scattering on hydrogen and deuterium theentum
and energy transfers are large and the protonggides) are recoiled out of their positions in tingstal where
they are situated. In the VESUVIO instrument outgoneutrons are selected within a narrow energgrvat,
E;=4.91+£0.14 eV by the use of Au-197 resonancés.fofhese neutrons have traveled from the pulsed
spallation target at ISIS during a time-of-flightQF)

t=Ly/vy+L /v,
wherev, is the velocity of the incoming neutrons andhe velocity of the outgoing ones. The latterixed by
the resonance foil energlyy andL, are the corresponding primary and secondary fiigiths, respectively. The
TOF at which the recoil peak of a specific nucletisnassM appears in the spectrum depends on the vatio
Vo. From classical kinematics it is easy to show that scattering anglé the following expression holds:

v, cosf+4(M/m)? —sin’6
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where m is the mass of the neutron mass. Fig. Wstan example of a NCS spectra taken for LiD at one
particular scattering anglé,= 135°. The recoil peaks from the three different massesseen: Li, D and Al from
the sample container.

Currently the available data have been processedrdiog to the standard procedures of the VESUVIO
instrument, which are based on the impulse appratim [9]. The area under the recoil peak for ndss
proportional toN,, o, , i.e., the number of atoms times the bound séatfeross-section for the corresponding

nucleus. Thus the ratio of the area under the lgair@mr deuterium peak to the area of the Li peakilshequal
the ratio of the cross-sections, , /o ;. The nominal values of the cross-section ratioslma easily calculated

from cross-section tables and is equal to 59.9588 for hydrogen and deuterium, respectively hia ¢urrent
preliminary phase of data reduction for this veegent experiment, the results obtained for thesesestion
ratios are shown in Fig. 2, normalized to theirresponding nominal values. As seen from the fighes
normalized values for the cross-section ratiosgaeerally close to unity, indicating that therens marked
intensity anomaly in the LiH/LID system. This isstriking result in view of previous work on otheretal

hydrides and deuterides, which all showed an iitiedsficit of the proton recoil peak. Further pessing of the
experimental data is currently under way to aspessible implications of absorption correctionsg(da the
very large neutron absorption cross-section of mijtiple scattering and other effects that magetfthe cross-
section ratio determination.
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Fig. 1. Typical NCS spectrum. The sample consists of Fig. 2. Experimentally determined ratiO(iTHD/GU )ex
polycrystalline LiD powder in an aluminum container . . ' g
Circles represent the measured intensity at a scgftangle ~ normalized to the tabulated ratido, /)
of 135° as a function of the neutron time-of-fligithe solid  function of scattering angle.
line is a fit to the data based on the impulse axipration.
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