IN13: from the upgrade to the new performances
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The thermal high-energy resolution backscattering spectrometer IN13 [1], operated at the Institut
Laue-Langevin since 1998 by a French-Italian CRG, has recently undergone a major technical
upgrade as part of ILL’s Endurance program.

From a scientific point of view, IN13 is still a unique neutron spectrometer fed by a high flux
reactor, enabling exploration of the 100-picosecond time window with a Q scattering vector
modulus of up to ~5 A, Until recently, the major drawback of IN13 was the low neutron flux at
the sample, which means long acquisition times limiting the experimental data that could be
obtained and requiring large sample masses. Thus, by substantially increasing the neutron flux at
the sample, the instrument capabilities have greatly been improved.

Figure 1: photo and layout of the upgraded IN13 instrument

The H24-guide delivering neutrons to IN13 has been refurbished and the instrument profits now
of an end-guide position (Fig. 1). To maximize the flux, a new goniometer was installed with the
new monochromator and all optical elements were realigned using a laser tracker. The new CaF>
monochromator crystals underwent controlled plastic deformation in order to adapt their mosaicity
to the new beam divergence. Their temperature is controlled over a wide range with a new
cryofurnace and it is now possible to apply a temperature gradient [2] across the thickness of the
crystals.

The helium chamber hosting the graphite deflector focusing the beam towards the sample position
has been replaced to accommodate a second guide delivering neutrons to the new neighbouring



diffractometer XtremeD. The deflector has been improved to support new crystals and the whole
experimental area has been reconsidered to cope with the enhanced neutron flux and gammas. The
monitoring of the chopper, the cryostat of the monochromator, the helium refill of the deflector
chamber and the radiation protection safety loop are now all managed by programmable logic
controllers.

Following this major upgrade, the instrument flux has increased by a factor of ~4.0 at the sample
position, and we expect to achieve higher values in the near future thanks to the temperature gradient
effect. Initial tests have demonstrated a further increase in flux when a temperature gradient is
applied, but the device requires further testing to prevent crystal deterioration.

This increased flux allows us not only to perform time-consuming quasi-elastic scans (QENS), but
also to modify our temperature dependence elastic scans (EINS) protocol. Indeed, the standard step-
by-step temperature increase protocol is now replaced by a temperature ramp in parallel to the EINS
acquisition.

Fig. 2 compares the Mean Squared Displacements (MSD) [3] calculated from elastic data acquired
for the same sample using the old step-by-step and new ramp modes, respectively in 2021 and 2023,
i.e. before and after the upgrade. The corresponding force constant values, k, are also reported in the
insert. Much more reliable results are obtained in a much shorter time.

IN13 is back to standard user operation since September 2023.
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