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Abstract

A set of ancient iron nails was studied, dating back to the 1300-1400 AD and coming from
Valle delle Forme (Brescia, Northern Italy). In this archaeological site ongoing excavations
have given back a smelting plant of iron minerals, a forge for elaboration of semi-finished
products, but also an ‘“archaic” blast-furnace, and it could represent the “missing link”
testifying the evolution from the bloomer to the blast furnaces techniques in iron production
in northern Italy [1,2]. The nails, presenting a heavily corroded surface (see figure 1). have
been studied combining different techniques. In order to infer indications on the inner part
too, with the benefit of a non-destructive technique, we performed a 3D tomographic neutron
study at PSI, with the purpose to outline different morphological and cristallographic
structures (see figure 2). Yet, neutron imaging allows a detailed study of the structure of the
nails, and the combination with energy selective imaging, when possible, will be of benefit
for further non destructive characterization in archacometallurgy.
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[1] C. Cucini, M. Tizzoni, "La Valle delle Forme: i forni e le forge di epoca Bassomedievale", La Miniera
Perduta, 1999, pp 201 - 214.
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Abstract

Neutrons have been widely applied in archaecometric research, where non-destructive or non-
invasive analysis are mandatory. A recent application concerns neutron resonances that can be
used as fingerprints to identify and quantify elements within the bulk of different objects.
Indeed, Neutron Resonance Transmission Imaging (NRTI) has been successfully applied to
the 3D elemental mapping of archaeological samples [1].

The three-dimensional elemental imaging was obtained by NRT. A dedicated set-up at the
INES (Italian Neutron Experimental Station) beamline of the ISIS spallation neutron source
was used for the experiments [2,3]. Transmission spectra were obtained by measurement of
the flight time of epithermal neutrons passing through the sample, an early mediaeval disk
fibula [4] from the Hungarian National Museum in Budapest.

The methodology and analysis procedures used in the reconstruction of the 3D NRT
elemental image will be described. Further applications and improvements will be discussed.

REFERENCES

1. G. Festa et al., “Neutron resonance transmission imaging for 3D elemental mapping at the
ISIS spallation neutron source” J. Anal. At. Spectrom. 30, 745-750 (2015)

2. E. Perelli Cippo et al., “Imaging of cultural heritage objects using neutron resonances” J.
Anal. At. Spectrom. 26, 992 (2011).

3. G. Gorini et al., "Ancient Charm: A research project for neutron-based investigation of
cultural-heritage objects" Il Nuovo Cimento C 30, 47-58 (2007)

4. A. Kiss “Das awarenzeitlich gepidesche Graeberfeld von Koelked-Feketekapu Studien zur
Archaelogie der Awaren 5, Innsbruck (1996)



POSTER P11

Neutron imaging as a method for diagnosing neutron converters for advanced thermal
neutron detectors

G.Albani', E. Perelli Cippoz, A. Muraro’, G. Salvato®, D. Tresoldi3, G. Croci', G. Gorinil, W.
A. Kockelmann®

" Department of Physics, University of Milano-Bicocca, Milano, Italy
? Istituto di Fisica del Plasma, Associazione EURATOM-ENA/CNR, Milano, Italy
3 CNR-Istituto Processi Chimico - Fisici Sez. di, Messina, Messina, Italy
* ISIS Facility, STFC, Chilton, Didcot, United Kingdom

Abstract

Due to the well-known problem of 3He shortage, a series of different thermal neutron
detectors alternative to helium tubes are being developed in facilities and laboratories all
over the world. Among others, Gas Electron Multiplier (GEM)-based detectors have the
advantage of a very high rate capability (MHz/mmz), and time resolution (around 5 ns), both
characteristics being very important for TOF applications. Moreover, they can be realized in
relatively large dimensions with a very narrow space resolution (50 ym), thus being also
potentially well adapted to monitoring and transmission measurements. However, GEMs are
intrinsically charged particles detectors; thus they must be equipped with a neutron
converter, for instance 10B. The thickness, concentration and uniformity of the converter
deposit is crucial in determining the detector efficiency and other characteristics. While the
determination of such parameters is relatively straightforward for standard (flat) GEM
cathodes, this may not be the case for complex, so-called 3-dimensional cathodes (3DC, the
latter necessary to improve the performances of the GEM as a neutron detector).
In this work we present a method for the estimation of neutron converter deposit on 3DC
through neutron imaging. The investigated 3DC is a Al20s3 structure with 10B4C coating being
developed by CNR-IFP and UNIMIB, whose complex shape poses several complications in
terms of modeling and performance assessment. The measurements have been performed
at the ROTAX beamline at ISIS, making use of the new imaging system being developed by
CNR-IPCF for the next IMAT beamline. Data treatments considering both the white-spectrum
and mono-energetic measurements is described and validated through the use of standard
reference samples.
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Abstract

Nanoparticles detection in living cells is a main issue when protocols for drugs delivery or
photothermal treatments have to be established. Asymmetric Gold NanoParticles (GNPs), such as
nanostars, are endowed of the peculiar characteristic of a strong luminescence in the visible range
upon two-photon excitation. However, it should be advisable to be able to detect the nanoparticles also
by conventional confocal microscopy. To this aim, we exploit the large scattering cross section of
metal NPs to obtain images in reflected light.

In particular, in this study we show that the scattering signal can be used to investigate the dynamics
of NPs in cells by acquiring temporal stacks of images that can be correlated pixel-by-pixel. The
employed gold nanostars (30 nm average radius), incubated for 4 hours in HeLa cells and internalized
through endocytosis, show a slow dynamics with characteristic times in the range of tens to hundreds
of seconds. A characteristic time map can be obtained of the whole cell from the temporal behavior of
the autocorrelation function once the signal due to the immobile fraction has been subtracted.

Moreover, by building the Spatio-Temporal Image Correlation (STICS) map, it is possible to
distinguish free diffusion from active transport, which produces an anomalous displacement of the
peak of the 2D correlation function identifying the (endocytotic) vesicle under study. In
comparison, a Single Particle Tracking analysis confirms the heterogeneity of the cell cytoplasm,
suggesting that a more complex model, such as an intermittent transport or Lévy flights, should be
taken into account to fully explain the data.



