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KHCO3: a quantum crystal
Quantum entanglement observed in the KHCO3

crystal demonstrates the validity of quantum
mechanics at the macroscopic level. The proton
nuclear spin and positions of the (HCO3

-)2

dimers are entangled and correlated over
hundreds of Angströms and their dynamics can
be revealed by neutron scattering easily, thanks
to the huge total cross section of hydrogen (σT =
80 barns). The proton dynamics is completely
decoupled from the lattice and thus the
decoherence occurs on timescales longer than
10-4 s. These effects are not present in the
deuterated analog KDCO3 due to different
quantum statistics for H and D atoms (Fermi-
Dirac vs Bose-Einstein).

Figure 1: Cut of the diffraction pattern of KHCO3
along the ridge due to the (HCO3

-)2 dimer network
quantum dynamics. The broad hump is due to
incoherent scattering and the peaks are due to
quantum interferences.
Reference: F. Fillaux, A. Cousson and D. Keen,
Phys.Rev B 67, 054301 (2003)
Experiments were made at the LLB on the 5C2 four-
circle diffractometer on the hot source for a precise
determination of the structure and on the SXD
diffractometer at ISIS to map the reciprocal space up
to 25 Å-1 and evidence the quantum dynamics of the
Hydrogen lattice.
Contact at LLB: cousson@llb.saclay.cea.fr

Crystallisation of a spin liquid
under very high pressure

Tb2Ti2O7 is an ideal spin liquid where magnetic
moments still fluctuate down to very low
temperatures (10 mK), well below the Curie-
Weiss temperature (θCW = -19K) which
characterizes the strength of the magnetic
interactions. Under very high pressure (up to
8 GPa), we observed by powder neutron
diffraction the onset of a long-range
antiferromagnetic order, coexisting with the spin
liquid state below 2.1K.

Figure 2: Tb2Ti2O7: raw neutron diffraction spectra
(neutron counts/hour) for three pressures at 1.4 K.
Intensity scales are chosen to show the magnetic
peaks as compared with the 111 structural peak. Half
intensity of the 111 peak is shown at the center of the
spectra. Insets: the Néel temperature (left) and
ordered magnetic moment at 1.4 K (right) vs.
pressure.
Reference : I. Mirebeau, I.N. Goncharenko,
P. Cadavez-Peres, S.T. Bramwell, M.J.P.
Gingras, J.S. Gardner, Nature, 420, 54 (2003)

The future prospects concern the characterization of
the new observed phases and the understanding of
their stability. The pyrochlore lattice with S=1/2 is an
excellent candidate to test the validity of recent
theories about quantum fluctuations in these
frustrated systems and their predictions: existence of
a quantum spin liquid state, analogous to the
Resonant Valence Bond (RVB) one, nature of the
spin excitations. High-pressure neutron diffraction (a
unique feature available in LLB) is a very powerful
tool to study the stability of such phases. Pressure
could also induce new magnetic phase transitions
like those quoted above, or the transition from
metallic ferromagnet to insulating spin glass in
R2Mo2O7 pyrochlores.

Contact at LLB: mirebea@llb.saclay.cea.fr
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in-vitro and in-vivo Diffusion of
proteins in crowded solutions

The transport of oxygen from the lung to muscle
cells is performed by hemoglobin tightly packed in
blood cells. the transport depends on a delicate
balance between two opposing factors : High protein
concentrations in the cells, which will enhance the
quantity of stored oxygen, and crowding, which will
depress the speed of oxygen carriage because strong
protein interactions dramatically decrease
hemoglobin mobility.
One central goal of the project is to clarify the
question, whether the mobility of different
components in a living cell can be understood based
on their intermolecular interactions. To this end, we
studied the diffusion of myoglobin and hemoglobin
molecules in-vitro, as a function of their volume
fraction at concentration and temperatures
corresponding to the physiological conditions. We
also studied hemoglobin diffusion directly inside red
blood cells. Experiments were done on the Neutron
Resonant Spin-Echo MUSES and the small-angle
spectrometer PACE at LLB.

Figure 3: Concentration dependence of the self-diffusion
coefficient for myoglobin solution (full circles). The open
square correspond to macroscopic measurements by
Wittenberg et al which have been corrected for temperature
and different in solvent viscosity using Stokes-Einstein
relation

The results can be summarised as follow :
i- using  neutron spin-echo spectroscopy, one can
investigate both individual and collective motions of
molecules over characteristic lengths around the
mean interparticle distances,
ii- the reduction of the self-diffusion coefficient from
infinite dilution solutions to physiological
concentration is of the order of 25 for pure
myoglobin and hemoglobin.
iii- Following the Ackerson formula
D(q)=D∞H(q)/S(q) and combining structural and
dynamical analysis, one can separate the effect of
direct interactions (modelled by an hard sphere
potential and a Yukawa screened type electrostatic
interaction) and indirect (or solvent mediated)
hydrodynamic interactions.
iv- The hydrodynamic factor H(q) oscillates in phase
with the structure factor.
Reference: S. Longeville, W. Doster, and G. Kali,
Chem. Phys. (Under press)
Contact at LLB: longeville@llb.saclay.cea.fr

Tests on the TPA spectrometer
The very small angle spectrometer TPA (‘Très Petits
Angles’) is currently developed on the guide G5bis.
Its aim is to cover a q-range from 10-4 Å-1 up to
intermediate angles. It will allow studies of larger
objects (d ≈ 1000 Å), like giant micelles, membranes,
biophysical gels, large-scale porosity and
precipitation in alloys for metallurgical applications
and related studies.
 The principles of the TPA spectrometer are very
close to traditional small-angle machines.
Monochromatisation is achieved by a set of two 3θc-
mirrors (XENOCS, Grenoble) with 15%-bandwidth.
This allows deviating the direct beam and
eliminating the γ-ray background from the guide by
an appropriate shielding. The bidimensional
detection is made by a MAR345 Image plate
associated with a Fuji plate for neutron-photon
conversion to achieve the high pixel definition
necessary for very small-angle scattering.
At present, the collimation is a pinhole-collimation
with very small diaphragms, but more complex
collimation devices (lenses, focalization) are also
tested. A multiple beam collimator has been designed
and successfully tested in a prototype version: nine
beams with a 1m focussing distance.
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Figure 4: Tests of a nine-beam collimator on TPA.
Left: intensity map just after the collimator (spot
separation of 2 mm). Right: image of the focused
beams at D=1 m. Spot size: 5 mm.

Preliminary test runs on the prototype show the
feasibility of this spectrometer, and first parts of the
final construction plans will be finished by the end of
2003. Test experiments have been performed on a
nanocomposite material (latex reinforced with large
silica aggregates) to compare the prototype TPA
spectrometer at D= 4 m in the small Q range with the
D11 spectrometer (ILL) at D= 36 m.

Figure 5: Scattering from a nanocomposite under
uniaxial strain on the prototype TPA. Beam stop of d
= 10 mm leading to Qmin ˜ 10-3 Å-1.
Contact at LLB: J. Oberdisse and F. Boué.


