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CHNet-MAXI is an experiment supported by the Cultural Heritage Network of the Italian Institute for Nuclear Physics
(INFN), aiming to develop a non-invasive technigue to determine the Pb isotope ratios (RI) in ancient artefacts. This

lsotope  __ 204Pb 206Pb 207Pb 208Pb can be a powerful tool to determine the provenance of such objects.
Abundance 1.4% 24.1% 22.1% 52.4%

Decay scheme of muonic lead isotopes

CHNet-MAXI| technigue is based on the Muonic Atom X-ray and prompt gamma spectroscopy for Isotopic analysis:
the idea is to identify the characteristic X-rays emitted by a muonic atom formed after the exposure of the

S archaeological sample to a low momentum muon beam.
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The prompt gamma radiation and the X-rays will be detected by an array of HPGe and by innovative scintillation detectors
(CLLB and GAGG-HR) surrounding the samples, while a custom beam monitor will be used to precisely place the targets on

the muon beam centroid. "isotopic correspondence" indicates the probable origin of the
material/artefact from a specific area.

Total deposited energy Active parts. The detector is based on 32+32 squared 3 mm

_ i 2 F scintillating fibres in X/Y mode, each read by one Hamamatsu
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with 3 mm space resolution, an homogeneous entrance - oo | < o breakdown voltage (2), the fibers have been cut, polished, and

window before the sample and a portable setup based on o EL‘D ";3:252 Mo finally coated with TiO2 paint (3-4).

desktop HV and digitizer modules. I p— A VAP » 4 with 241A 4 ] .
2 ot crystal doped with “*Am was used as a monochromatic

Simulation. Preliminary Geant4 simulations have been carried source of light from the excitation of the scintillator by the alpha

particles emitted by *’Am. It was coupled to the fiber read by a

out to characterize the detector (1). The response function to
J SiPM, demonstrating that the light was efficiently transmitted (5).

single muons has been characterised separating the " iu_léh'.l-.lf'-.“;l
contributions coming from particles hitting O, 1, 2 fibres to A O " (nily i
reconstruct the total response function.
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Assembly. The PCBs for the readout have been designed at
INFN Pavia, while the mechanical structure has been designed
and 3D printed by INFN Milano Bicocca. The detector was fully
assembled and all channels were individually tested with
cosmic rays and radioactive sources (6-7)
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YAP-Am: TiO2 fiber response

700— Constant 600 + 2.407
C Mean  280.4 +0.2044
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DAQ test. A first test of the detector with a 37 kBqg source of 29Sr/?°Y (beta emitter with Q-value = 2.2 MeV) (8) has been carried
out by powering a sub-sample of fibers with a CAEN DT8031M desktop module.

The DAQ was implemented using a 32 channel CAEN DT550SE Open-FPGA desktop digitizer. It was programmed through

the SciCompiler interface developed by Nuclear Instruments.
Future developments

The overall system worked without issues and all the tested channels provided signals well above the background noise,

allowing to highlight the shape of the beta source (9-10). A first test beam of the detector will
(1 0) be performed in summer 2024 at the

9 CNAO synchrotron (~ 150 MeV proton
beam) in Pavia (Italy).
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After that, the beam monitor will be used
for the first CHNet-MAXI run at the ISIS
facility with the isotope-enriched Pb
targets, foreseen for autumn 2024.
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