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Experimental Approach

Using the intense double pulsed muon beam at RIKEN-RAL, it is possible to perform the non-destructive bulk analysis of a variety of materials. Muons have high transmission ability and can penetrate much deeper into materials than
electrons. The characteristic muonic X-rays have about 200 higher energy than that of characteristic X-rays ones generated by electron/proton beam analysis, without activation of the sample. Then, it becomes possible to obtain
information about chemical composition not only for the surface layers, but inside materials up to several millimeters thick in a non-destructive manner. The idea is to develop a non-destructive technique, which allows analysis deep
inside the sample with a good spatial resolution, using a negative muon beam. By selecting the primary p energies appropriately, bulk analysis can be non-destructively performed. The experimental setup used for this experiment,
already tested at RAL in Port 1 for the FAMU experiment, (2 hodoscopes and 4 HpGe) it allowed us to collect very interesting preliminary data for scan momentum, positioning and centring of the samples by means of two hodoscopes,
analysis of standard material targets and elemental characterization of 4 fragments of Nuragic Bronze Age votive ship.

Muonic Atom spectroscopy: Principle Set-up of Exp. 1720283 @PORT4 ISIS Rutherford Appleton Laboratory

A negative muon can replace an electron in an atom and During 4 days of beam time from 7 to 11 October 2017, we managed to reach all the
subsequently transition to lower orbital positions. As with objectives expected for the experiment 172028 and very interisting preliminary results
conventional X-ray fluorescence, an X-ray photon is emitted in scan momentum and analisys of 4 fragments of Nuragic votive ships are emerged. 800MeV Proton

with a characteristic energy to enable the transition between In the following picture the experimental set-up: 1 Fiber Scintillating SiPM Hodoscope
orbitals of an atom. As the mass of a negative muon is much and 5 HpGe.

greater than that of an electron, a higher energy X-ray photon is
emitted when the negative muon transitions between
orbitals compared to conventional X-ray fluorescence.
The higher energy muonic X-rays are able to escape
large samples even when they are emitted from lower Z
atoms, making muonic X-rays fluorescence a unique
method to characterize the elemental content of a sample. In
a typical experiment a section of a sample will be probed with
negative muons with the muon momentum tuned to ‘ 3 s
interact at a desired depth in the sample. A small number : \ o . [Room
of single element high purity Ge detectors are positioned to o : A
capture up to one photon each from each of the forty muon
pulses per second at the RIKEN-RAL facility. This can
provide a high resolution and high dynamic range X-ray
energy spectrum when collected for several hours but can
only provide a spatial average or single point elemental
distribution per collection.
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Uniqueness RIKEN-RAL Beam Facilities

Pulsed proton beam with 50 Hz repetition
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