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Abstract

Very recently, a temperature dependent decrease of the protonic neutron scattering cross sedtibhusing neutron Compton scattering
(NCS) has been reported. The decreasgyof which has been found in various materials using different experimental methods — is attributed
to short-lived protonic quantum entanglement and it was suggested that the novel temperature dependence is due to the different coupling of
the protons to the environment. The exact mechanism of the loss of coherence (i.e. decoherence) of the protonic quantum entangled states
due to the interaction with the environment in condensed matter is not fully understood yet. To shed more light onto that, the NgS of LaH
and Lah has been measured. While Lald metallic, LaH is an isolator, thus providing completely different electronic environments the
protons are coupled to. The experiment shows déhas smaller for LaH than it is for Lab. This result strongly suggest that the different
couplings of the protons to the different electronic environments lead to different anomalies.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction due to environmental disturbances. Therefore, it has been
widely believed that they cannot be experimentally detected.

The importance of hydrogen in materials in general and in However, based on previous theoretical wiitk the detec-
metals in particular for technological applications and in nat- tion of protonic QE in condensed systems using sufficiently
ural sciences is beyond any dispute. The increased awarenesfast” scattering techniques was proposed. Particularly suit-
of the limitation of the natural fossil fuel reserves triggered able for this purpose is the neutron Compton scattering (NCS)
a rethinking in new directions about energy generation. The method the time scale of which lying in the sub-femtosecond
increasing demand on the features of new materials necessirange.
tates the application of new production processes as well as In recent years we reported on a new fundamental aspect
new fundamental research towards a better understanding obf the quantum dynamics of hydrogen in various condensed
the physical and chemical properties of hydrogen containing systems like watef2], organic compoundg—6], and inter-
materials. stitial [7—9] as well as ionic metal hydridg40]. The nov-

In condensed phases interactions of a particle with its en- elty of our results lies in the fact that the protons show an
vironment can lead to quantum entanglement (QE). Such ef-effective number density being different from the one sup-
fects are theoretically expected to be extremely short-lived, posed to be according to sample preparation. Thus, far these
effects have not found a common explanation based on exist-
ing condensed matter theories. Rather, these anomalies are at-
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of particles involving mainly the protons in these materials Jy(ym) convoluted with the instrument resolution function
[1,11-13] Rm(ym)- The peak area is then proportional to the number
Very recently, we reported on the measured temperaturedensityN and to the scattering cross sectioof an isotope
dependence of thgy anomaly in LiH[10]. Thisis an exper-  in the sample. It follows that
imental result which is in strong contrast to previous mea- A Nio: o Ai/N;
surements on metallic hydrides like NbH or PH-9]. It =10 0Of Rexp=— =t (1)
has been pointed o(it0] that the difference in the experi- 47 NiC oj  Aj/Nj
mental results of LiH on the one hand and of NbH and PdH  Within the 1A, it is possible to define a scattering time
on the other might arise from the fact that while the elec- by ¢(8)tscvo ~ 1 [10]. Here,g(6) is the scattering angle de-
tronic structures of NbH and PdH, being interstitial hydrides, pendent momentum transfer, anglis the root mean square
are similar, the electronic structure in LiH, being an ionic velocity of the nucleus before scattering. The scattering time
hydride, is completely different. is the time range within which the neutron interacts with the
Following the supposition that the electronic environment scattering nucleus. Therefore, it can be regarded as the time
might be participating in the dynamic QE effect of reduced window during which the dynamics ofthe nucleus is sampled.
protonic scattering cross section, we involved baiid Lakg We performed new NCS measurements ontaht Lakg
which differ in their electronic structure completely from at room temperature. The samples were put in standard flat
each other. Here, we report on our most recent NCS resultsAl cans. An example spectrum of Laks shown inFig. 1B.
on these hydrides. It consists of two peaks: one at 2(a8 is due to H and an-
other peak at ca. 37%5s is due to scattering from Al and La.
The latter two peaks can not be resolved in the forward scat-
2. Experimental and results tering spectra. However, due to the much highgand hw
achieved in backscattering, it is indeed possible to resolve
The measurements have been done using the time of flightthe La peak from the Al one. This peak separation facili-
inverse geometry spectrometer VESUVIO at ISIS, UK. The tates the determination of the area ratl{/ A a1 )packWhich
experimental setup is shown ifig. 1A. The polychromatic can be used to extract the contribution of the La scattering
neutrons are scattered by the sample into detectors arrangetom (A4 + Aa)ior Of the forward scattering. Having deter-
in an angular range between°3@nd 80. An analyzer foil minedA_,, itis straightforward to determin@eyp = 0, /0; =
situated between sample and detectors is cycled in and out o{An/Ny)/(ALa/NLa) and to compare it with the tabulated
the sample detector axis. The analyzer foil absorbs neutronsvalue Riap = (on/0La)tap = 9.1.
at a fixed energy, e.g. 4.9eV if using gold. The difference  The results of this experiment are showrrig. 2. As can
of a foil-in and foil-out spectrum gives the final spectrum be seen very easilRex, is strongly reduced with respect to
(seeFig. 1B). The transfers of momenturty and energy  the tabulated value aRiyp, for both systems. In addition, a
hw are so high on VESUVIO that the scattering occurs in slight angle dependence is visible as well: The anomaly is
the impulse approximation (l1A) limit. Under such working smaller in the low angle region than it is in the high angle

conditions, the dynamic structure factStq, ») of a nu- one. However, most importantly for the present context is the
cleus of a particular mas® consists of a single peak, i.e., factthatthe anomaly of Lagis different from the Lak one.
S(g, w) = Im(ym)M/hq. Hereyy is a scaling variabley = It is also visible that these differences are more pronounced

(hew — H2q®/2M)M (hg)~* [14] and Ju(ym) is the Gaussian  in the high angle region.

shaped neutron Compton profile of the scattering nucleus. Us-  To summarize, we found for the first time a significant de-
ing these quantities, the double differential scattering cross pendence of the dynamical quantum entanglement effect, be-
section then read$d/dQ2 dE; = bfﬂ Jm(ym)Mk1/hgko. The ing manifested by protonic scattering cross section anomaly,
experimentally observed intensity is then proportional to on the electronic structure surrounding the protons.
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Fig. 1. (A) Schematic instrument setup: The polychromatic neutrons leave the neutron source, are scattered by the sample undéntittaargletected
in D. The analyzer foils are cycled in and out of the scattered neutron beam. (B) Time of flight difference spectrum of foil in and foil out spectrum of LaH
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Fig. 2. The experimental ratid®yxp = (0H/0La)exp Of LaH, and Lak, re-
spectively, divided by the tabulated oRgp = (on/oLa)tab = 9.1 as a func-
tion of scattering angleRexp/Riap is strongly reduced and a slight angle
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hydrogen atom in the material might be responsible for the
different features of the cross section anomalies of the proton
and thus for different decoherence mechanisms. This inter-
pretation is supported by the fact that the time scale involved
inthe NCS process (<13°s) is of the order of the electronic
dynamics. Due to this fact, it is very straightforward to see
the importance of the dynamical quantum entanglement ef-
fect for chemical processes occurring in condensed systems
at room temperature.
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