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Introduction

Multi-electron coincidences are required to study in detail the single photon multiple ionization process: h + M → M n+ + n e - [START_REF] Briggs | Differential cross sections for photo-double-ionization of the helium atom[END_REF] In such a reaction, absorption of a single photon of energy h by a molecule or an atom M leads to the ejection of several (n = 2, 3, 4, 5, …) electrons. It is an interesting phenomenon forbidden in a simple model based on independent particles, that originates from electron-electron interactions. These multiple photoionization processes have thus attracted much interest as a direct probe of electron correlation. They are however often of low intensity and efficient experimental techniques are needed to study them. Double photoionization (n=2) has been widely studied with electron / electron coincidence techniques, and a large literature exists on He and H 2 double photoionization, see for instance the reviews by Briggs and Schmidt [START_REF] Briggs | Differential cross sections for photo-double-ionization of the helium atom[END_REF] and Avaldi and Huetz [START_REF] Avaldi | Photodouble ionization and the dynamics of electron pairs in the continuum[END_REF]. Various coincidence techniques have been used to investigate double photoionization. One can cite electron-electron coincidences using two different electrostatic analyzers [START_REF] Briggs | Differential cross sections for photo-double-ionization of the helium atom[END_REF] [START_REF] Avaldi | Photodouble ionization and the dynamics of electron pairs in the continuum[END_REF], between two time-of-flight spectrometers [START_REF] Viefhaus | Interference Effects between Auger and Photoelectron Studied by Subnatural Linewidth Auger-Photoelectron Coincidence Spectroscopy[END_REF] [4], using the TPEsCO (threshold photo-electrons coincidence) technique [START_REF] Krassig | Double-ZEKE coincidence spectroscopy[END_REF] [6] [START_REF] Penent | New Method for the Study of Dissociation Dynamics of State-Selected Doubly Charged Ions: Application to CO 2 +[END_REF], using imaging microscopes such as the CIEL (Coïncidences entre Ions et Electrons Localisés) apparatus [START_REF] Gisselbrecht | Photodouble Ionization Dynamics for Fixed-in-Space H 2[END_REF] or the COLTRIM (COLd Target Recoil Ion Momentum) spectrometer [START_REF] Dörner | Cold Target Recoil Ion Momentum Spectroscopy: a "momentum microscope" to view atomic collision dynamics[END_REF]. The reader can refer to the very detailed and general review by Arion and Hergenhahn on coincidence spectroscopy [START_REF] Arion | Coincidence spectroscopy: Past, present and perspectives[END_REF]. Especially, angular correlations of the ejected electrons and molecular frame angular distributions have been obtained both for valence double ionization and for inner shell ionization followed by Auger effect. However with these techniques, studies of multiple ionization where more than 2 electrons (n>2 in (1)) are released have been limited to the observation of only two out of the n ejected electrons [START_REF] Viefhaus | Energy and Angular Distributions of Electrons Emitted by Direct Double Auger Decay[END_REF] [START_REF] Viefhaus | Auger cascades versus direct double Auger: relaxation processes following photoionization of the Kr 3d and Xe 4d, 3d inner shells[END_REF].

An important progress was achieved with the development in 2003 of the magnetic bottle spectrometer by J. Eland [START_REF] Eland | Complete double photoionisation spectra of small molecules from TOF-PEPECO measurements[END_REF] [START_REF] Eland | Complete Two-Electron Spectra in Double Photoionization: The Rare Gases Ar, Kr, and Xe[END_REF], from an original concept presented by Beamson et al in 1980 [START_REF] Beamson | The collimating and magnifying properties of a superconducting field photoelectron spectrometer[END_REF] and implemented for laser experiments by Kruit and Read [START_REF] Kruit | Magnetic field paralleliser for 2π electron-spectrometer and electron-image magnifier[END_REF]. The advantage of this new spectrometer is to collect nearly all electrons emitted over the full 4 solid angle and to measure their kinetic energy with a high resolution, better than that obtained with the COLTRIM or CIEL spectrometers. Direct angular information is lost, but would anyway be hardly exploitable as the degrees of freedom already amount to 9 when one wants to observe the kinetic energy and emission angle of 3 electrons. With these magnetic bottle spectrometers, it is now possible to detect in coincidence all the n electrons emitted in a multiple photoionization process [START_REF] Briggs | Differential cross sections for photo-double-ionization of the helium atom[END_REF] and to study the energy correlations between them, opening new fields of investigations. Without trying to be exhaustive, we will cite here some important achievements made possible by the use of magnetic bottle spectrometers. They were initially obtained with a VUV laboratory source (pulsed He discharge lamp) and the first results were the retrieval of the complete valence double ionization spectra, both in atoms [START_REF] Eland | Complete Two-Electron Spectra in Double Photoionization: The Rare Gases Ar, Kr, and Xe[END_REF] and in molecules [START_REF] Eland | Complete double photoionisation spectra of small molecules from TOF-PEPECO measurements[END_REF].

Implementation of magnetic bottles on synchrotron sources expanded the range of possible excitation energies and photoionization processes. The first achievement was the detailed study of the double Auger decay of a 4d inner-shell hole in a Xe atom [START_REF] Penent | Multielectron Spectroscopy: The Xenon 4 d Hole Double Auger Decay[END_REF] making it possible to observe the Xe 3+ final states which are populated, and the decay pathways, by cascade or simultaneous emission of the two Auger electrons. This work was followed by a number of studies of the double Auger decay of inner shell vacancies, both in atoms [17] [18] [19] [START_REF] Andersson | Multielectron coincidence study of the double Auger decay of 3 dionized krypton[END_REF] and in molecules [START_REF] Eland | Spectra of the triply charged ion CS[sub 2][sup 3+] and selectivity in molecular Auger effects[END_REF] [22] [START_REF] Penent | Unveiling Residual Molecular Binding in Triply Charged Hydrogen Bromide[END_REF]. The new multi-electron coincidence technique gave also access to the core valence double photoionization process, which, before that, had only observed as a 'shake off' continuum in photoelectron spectra, above the limit of satellite 'shake up' states. This was demonstrated by Hikosaka et al [START_REF] Hikosaka | Experimental Investigation of Core-Valence Double Photoionization[END_REF] in the case of the Ne atom and N 2 molecule. The core valence double ionization of molecules has been the subject of many studies, with the aim of identifying the spectroscopy of the core-valence doubly charged species [25] [26] [27] [START_REF] Niskanen | Symmetry breaking in core-valence double photoionization of SO 2[END_REF]. As for atoms, it was recently demonstrated, with argon as an example [START_REF] Huttula | Decay of a 2 p Inner-Shell Hole in an Ar + Ion[END_REF], that these core valence double ionization experiments give access to the Auger spectra and inner shell levels of the associated ion; in other words it can be seen as an alternative to study inner shell photoelectron spectroscopy of an ion. Direct electron spectroscopy experiments on ions are extremely difficult and have only been reported up to now in a few cases, such as the 4d photoionization of Xe + ions [START_REF] Gottwald | 4 d Photoionization of Free Singly Charged Xenon Ions[END_REF]; see also [START_REF] Bizau | Photoelectron Spectroscopy of Ions: Study of the Auger Decay of the 4 d → n f ( n = 4 , 5 ) Resonances in Xe 5 + Ion[END_REF] and references included. Inner shell ionization of Krypton [START_REF] Andersson | Formation of Kr 3 + via core-valence doubly ionized intermediate states[END_REF] and Mercury ions [START_REF] Huttula | Core-valence double photoionization of atomic mercury[END_REF] [START_REF] Huttula | Auger decay of core valence double photoionized states in atomic mercury[END_REF] have recently been studied with this technique. Another field that could be explored thanks to magnetic bottle experiments is the triple photoionization process and the energy correlation between the three photoelectrons, either emitted from the valence shell [35] [36] or in a core-valence-valence triple photoionization path [START_REF] Hikosaka | Energy Correlation among Three Photoelectrons Emitted in Core-Valence-Valence Triple Photoionization of Ne[END_REF]. One must also mention the discovery of a source of low energy electrons in water clusters through the non-local ICD (Inter molecular Coulombic Decay) process, which was possible thanks to a magnetic bottle set up [START_REF] Mucke | A hitherto unrecognized source of low-energy electrons in water[END_REF].

A new field that has recently experienced a large development thanks to the magnetic bottle capacities, is single photon double core photoionization. See for instance the recent review by Lablanquie et al [START_REF] Lablanquie | Multi-electron coincidence spectroscopy: double photoionization from molecular inner-shell orbitals[END_REF]. Focus has been put especially on the process where the double core holes (DCH) are created in a K-shell, as such states need to be populated by direct double photoionization and cannot be accessed by Auger decay of a deeper inner shell (contrary to L -2 double core holes, for instance). Thanks to the coincidence detection of the two core photoelectrons and of the two subsequently released Auger electrons, it has been possible to observe double core holes in the same atom (1-site DCHs or K -2 ) [START_REF] Lablanquie | Properties of Hollow Molecules Probed by Single-Photon Double Ionization[END_REF] and also in different atoms of the molecule (2-site DCHs or K -1 K -1 ) [START_REF] Lablanquie | Evidence of Single-Photon Two-Site Core Double Ionization of C 2 H 2 Molecules[END_REF]. One should note here the sensitivity of the multielectron coincidence technique, which is capable of detecting and studying the details of such weak double photoionization processes: the probability of 1-site and 2-site DCH formation amounts typically to 10 -3 and 10 -5 , compared to the dominant single core hole (K -1 ) formation. An extensive investigation of the spectroscopy of these DCHs states [START_REF] Nakano | Single Photon K -2 and K -1 K -1 Double Core Ionization in C 2 H 2 n ( n = 1 -3 ), CO, and N 2 as a Potential New Tool for Chemical Analysis[END_REF] [43] [START_REF] Hedin | Single site double core level ionisation of OCS[END_REF] [45] [START_REF] Penent | Double core hole spectroscopy with synchrotron radiation[END_REF], as well of their Auger decay paths [START_REF] Nakano | Single Photon K -2 and K -1 K -1 Double Core Ionization in C 2 H 2 n ( n = 1 -3 ), CO, and N 2 as a Potential New Tool for Chemical Analysis[END_REF] [47] followed. More recently interest has been drawn on the process (noted K -2 V) where a photon simultaneously ionizes a core shell electron and excites another one from the same shell, motivated by the interesting spectroscopic properties of such states [START_REF] Nakano | Near-Edge X-Ray Absorption Fine Structures Revealed in Core Ionization Photoelectron Spectroscopy[END_REF] [49] [50] [START_REF] Carniato | Photon-energy dependence of single-photon simultaneous core ionization and core excitation in CO 2[END_REF].

In this manuscript we choose a simple example to illustrate the high performance and the sensibility of the multi-electron coincidence spectroscopy based on the use of a magnetic bottle: the triple Auger decay of a 2p hole in the argon atom. This process will be compared to the triple Auger decay of the argon 2s hole, we have examined previously [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF]. The argon 2p hole is known to decay predominantly by emission of a single Auger electron, and to a lesser extent by emission of two Auger electrons [START_REF] Viefhaus | Energy and Angular Distributions of Electrons Emitted by Direct Double Auger Decay[END_REF] [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF]. But decay by emission of three Auger electrons is also possible, although it is a very weak process with a 0.18% probability [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF]. Nevertheless we will see that it is possible to study this process in great detail. The surprising result is that the emission of the three Auger electrons is mainly simultaneous, contrary to the case of the triple Auger decay of the 2s hole which proceeds dominantly by cascade [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF].

Experiment

Our HERMES (for High Energy Resolution Multi Electron Spectrometer) experiment has been described in detail previously. See for instance references [START_REF] Palaudoux | Multielectron spectroscopy: Auger decays of the krypton 3 d hole[END_REF] [48] [START_REF] Palaudoux | Valence Auger decay following 3 s photoionization in potassium[END_REF] Briefly, it is an adaptation, for use with synchrotron radiation, of the magnetic bottle time of flight spectrometer developed by J. Eland [START_REF] Eland | Complete Two-Electron Spectra in Double Photoionization: The Rare Gases Ar, Kr, and Xe[END_REF]. The magnetic fields in the spectrometer results from the superposition of the strong magnetic fields of a (~5000 Gauss) SmCo (or NdFeB) permanent magnet and a weak field (10Gauss) of a 2m-long solenoid. This creates a magnetic mirror configuration for the source volume, and all electrons produced in the multiple photoionization of a single atom or molecule by a pulse of light from the synchrotron, are collected and guided through the solenoid towards an MCP (Micro Channel Plate) detector. In the present version, the individual time of flight of electrons, with respect to the light pulse, are recorded by a Time to Digital Converter with a 120ps discretization step ('TDC-V4' developed at the LUMAT federation in Orsay, France). Calibration and conversion from electron time of flights to kinetic energies were achieved by measuring photoelectron lines of helium and argon at different photon energies. The dead time for the detection of two successive electrons was reduced here to 4ns. The energy resolution E/E of the spectrometer was 1.6% for E > 1eV. The electron detection efficiencies were estimated from photoelectron / Auger electron coincidences and were found to amount here to 52±5 % for electron kinetic energies up to 200eV.

The experiments on argon were carried out at the SOLEIL synchrotron facility in Saint Aubin (France), on the undulator beamline PLEIADES [START_REF] Liu | Einstein-Bohr recoiling double-slit gedanken experiment performed at the molecular level[END_REF]. Single bunch operation of the SOLEIL synchrotron provided light pulses every 1184ns. For the spectra presented here, a ~12h accumulation was used with electron count rates of ~15 kHz. The data obtained at two photon energies of 640 and 650eV were combined here. These two distinct photon energies were used to eliminate the possible structures due to false coincidences.

The triple Auger decay of an Ar 2p hole

Since its first measurement in the 1960s by Mehlhorn et al [START_REF] Mehlhorn | Die Feinstruktur desL-MM-Auger-Elektronenspektrums von Argon und derK-LL-Spektren von Stickstoff, Sauerstoff und Methan[END_REF], the noncoincident L 2.3 MM Auger spectrum of argon has been the subject of many studies, as shown by Pulkkinen et al [START_REF] Pulkkinen | Correlation effects in the -MM Auger transitions of Ar[END_REF] and references therein. The decay of 2p holes by emission of two Auger electron was observed already in 1966 by Carlson and Krause [START_REF] Carlson | Experimental Evidence for Double Electron Emission in an Auger Process[END_REF]. Coincidence experiments brought more detailed information both for single [START_REF] Ricz | High-resolution photoelectron-Auger-electron coincidence study for the L 23 -M 23 M 23 transitions of argon[END_REF] and double Auger decays, revealing for instance angular correlation patterns of the two Auger electrons emitted in direct double Auger decay [START_REF] Viefhaus | Energy and Angular Distributions of Electrons Emitted by Direct Double Auger Decay[END_REF]. The complete 2p Auger decay paths were examined recently with our HERMES magnetic bottle [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF], allowing the detailed observation of the direct and cascade processes present in the double Auger decay, and revealing the existence of a weak triple Auger decay path. We revisit here this process with much higher statistics. Figure 1 shows the single, double and triple Auger spectra associated to the 2p hole decay. They have been obtained from the coincidence events where, respectively, at least 1, 2 or 3 electron(s) were detected in coincidence with a 2p photoelectron. The double and triple Auger spectra are plotted as a function of the sum of the kinetic energies of the Auger electrons; their structure originates from the Ar n+ final states populated in the Auger decays. These Auger spectra are in good agreement with the coincident ones obtained previously [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF], but here the 2p 3/2 and 2p 1/2 components are not separated. From these data, and taking into account the estimated electron detection efficiencies, it is possible to extract the probability for a 2p hole to decay by emission of n Auger electrons. The result is summarized in Table 1. One finds values in good agreement with our previous estimate [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF]. It is seen that the probability of decay by emission of three electron is extremely weak (0.18%). Note that a decay by emission of four electrons is not possible, because the ground state Ar 5+ level has a binding energy (309.83eV [START_REF] Kramida | NIST Atomic Spectra Database (ver. 5.3)[END_REF]) higher than the Ar + 2p ionization threshold (248.63 and 250.78eV respectively for the 2p 3/2 and 2p 1/2 components [START_REF] King | An investigation of the structure near the L 2,3 edges of argon, the M 4,5 edges of krypton and the N 4,5 edges of xenon, using electron impact with high resolution[END_REF]). Figure 2 is an expanded view of the 2p triple Auger spectrum plotted in the bottom of Figure 1. The statistics and background level have been much improved compared to our previous study (Figure 9 in [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF]). It reveals clearly the relative intensities of the Ar 4+ states which are reached in the 2p triple Auger decay. The experimental resolution, estimated to ~1.5eV, is due to combination of the energy resolutions on each of the Auger electron of the triplet. It is sufficient to show the fine structure due to the decay of the individual 2p 3/2 and 2p 1/2 components. Note that these are here well separated, demonstrating that it is not necessary to resolve the 2p spinorbit components in order to study the detail of the 2p triple Auger decay. One observes the Ar 4+ 3p -4 ( 3 P) and ( 1 D) states that are dominantly populated and also, in less proportions, the Ar 4+ 3p -4 ( 1 S) and Ar 4+ 3s -1 3p -3 ( 3 D) states. A close look at Figure 2 suggests that the Ar 4+ 3s -1 3p -3 ( 1 D) and ( 3 P) excited states are also populated, although they have not been included in the fit.

The next step is to investigate the energy correlation between the three Auger electrons. This is a three dimensional problem, but it can be reduced to a two dimensional one if we impose that the sum of the energies of the three electrons is fixed. In this case energy correlation can be represented in a 2-dimensional plot. These plots are known as Dalitz plots [START_REF] Dalitz | On the analysis of τ-meson data and the nature of the τ-meson[END_REF] and have been widely used in nuclear physics and molecular dynamics studies. We have used a variant of Dalitz plots to represent energy correlations of 3 electrons of fixed total energy [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF] [START_REF] Hikosaka | Energy Correlation among Three Photoelectrons Emitted in Core-Valence-Valence Triple Photoionization of Ne[END_REF]. It has been defined in reference [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF]; briefly, a triplet of electrons with energies (E 1 , E 2 , E 3 ) satisfying E 1 +E 2 +E 3 = E S appears in an equilateral triangle of height E S at a point whose distances to the three sides of the triangles are given by the E i energies. The possible combinations for the choice of the order of the three energies imply that a given triplet contributes to 6 points in the Dalitz plot. Another important property is that the integration of the overall intensity by projection on a perpendicular height of the triangle gives the E i energy distribution of any of the three Auger electrons. In the present case the Dalitz plot of Figure 3 (left) shows the energy correlation between the three Auger electrons emitted upon 2p hole decay, when a final Ar 4+ 3p -4 is reached (the energy sum of the three electrons is selected here in the [102-107.7eV] energy range). One observes a fairly smooth and uniform filling of the Dalitz triangle, with a random energy sharing between the 3 electrons, which suggests a direct process for the ejection of the three Auger electrons. Higher intensity is found in the corners of the Dalitz triangle in Figure 3, which correspond to release of an Auger electron of close to 0eV. It is also the zone where false coincidences are expected to contribute most, because of the presence in our experiment of low energy, secondary electrons. 7eV] for the sum of the three electrons coincident with a 2p photoelectron, where no Ar 4+ states are energetically allowed. It is seen that the energy distribution for one Auger electron is smooth with a edge or ' ʅ ' shape evoking the well-known 'U' shape for the energy sharing between 2 electrons ejected in a direct process. The striking results from this analysis is thus that the triple Auger decay of a 2p hole is dominantly a simultaneous emission of the three correlated Auger electrons. This is surprising, because for the 2p double Auger decay, the energy distribution of one electron is much more structured, demonstrating the importance of cascade double Auger decays (See Figure 6 and 7 in [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF]). However there must exist indirect triple Auger decay processes corresponding to the paths in which excited Ar 3+* states, converging to excited Ar 4+ states evidenced in Fig. 2, and that are populated by direct or cascade double Auger decay, will decay to lower Ar 4+ levels, by emitting a 3 rd Auger electron. In order to find evidence for such decay paths we analyzed in more details the low energy part of the energy distribution of one of the triple Auger electrons from Figure 3 (right). It is reproduced in Figure 4 (A). Figure 4 (B) is a replot of the same data but with a smaller bin size of 10meV instead of 100meV. Statistics is decreased but structure in form of weak peaks lying on a decreasing continuum are observable. They are of much weaker relative intensities compared to the 2p double Auger decay case [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF], suggesting a dominant simultaneous emission for the 2p triple Auger decay.

The reason for this difference between 2p double and triple Auger decays can be found if we examine the Ar n+ energy levels. See for instance Fig. 2 in Arp et al [START_REF] Arp | X-ray fluorescence and Auger-electron coincidence spectroscopyof vacancy cascades in atomic argon[END_REF] (we have done extended energy level calculations that confirm these results): they show that there is no cascade path (if high satellite Rydberg states are omitted) from Ar + 2p -1 to Ar 4+ states. Ar 2p -1 is higher in energy than Ar 4+ states, but if the atom decays from 2p -1 via single or double decay, these states are lower in energy than any of the Ar 4+ states and therefore terminate the cascade, resulting in a lower charge state than 4 + . On the opposite there are possible cascade paths from Ar + 2p -1 to Ar 3+ states, through excited Ar 2+ states lying above Ar 3+ threshold, such as the Ar 2+ 3s -2 correlation satellites states of 3s 2 3p 2 3d 2 configuration [START_REF] Lablanquie | Multielectron spectroscopy: Auger decays of the argon 2p hole[END_REF]. Recently Müller et al [START_REF] Müller | Observation of a Four-Electron Auger Process in Near-K -Edge Photoionization of Singly Charged Carbon Ions[END_REF] observed a clear triple Auger decay case where the three Auger electrons are necessarily simultaneously emitted, during the decay of an excited 1s -1 2s 2 2p 2 C + state. It would be interesting to measure the energy sharing of the three Auger electrons in that case, and to compare with the present argon 2p decay.

The triple Auger decay of an Ar 2s hole

It is interesting to compare the triple Auger decay of the argon 2p hole with that of the 2s one. The complete Auger decay tree of the 2s hole was reconstructed recently with our magnetic bottle experiment [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF]. The probability for the decay of a 2s hole by emission of three Auger electron was found to be 8% (see table I) which is more than an order of magnitude larger than in the 2p case. Figure 5 shows the triple Auger spectrum for the 2s decay, to be compared with the one in Fig 2 for the 2p decay. The resolution is worse in this case because of the larger kinetic energy of the Auger electrons that is possible in the 2s triple Auger decay, compared to the 2p one, but also because of the short lifetime of the 2s hole which induces a lifetime broadening of the Auger spectra of 2.25 eV [START_REF] Glans | Determination of the lifetime width of the argon L 1 -hole state[END_REF]. However Figure 5 demonstrates that, similarly to the 2p case, it is the Ar 4+ 3p -4 states (and mainly the Ar 4+ 3p -4 ( 3 P) one) that are formed preferentially, and to a lesser extend the Ar 4+ 3s -1 3p -3 state.

The Dalitz plots for the triple Auger decay of the 2s hole to the Ar 4+ 3p -4 and Ar 4+ 3s -1 3p -3 states are represented respectively in Figure 6A) and 6B). They have already been reported (see Fig 7 in reference [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF]), and the present data fully confirm the previous measurements. The higher statistics reveals more clearly the different processes, and the shorter dead time of the detector helps reduce the dead zones in the Dalitz plots where two electrons of close energies contribute. The Dalitz plots for the 2s triple Auger decay are observed to be completely different from the ones showing the 2p triple Auger decay in Figure 3. As demonstrated in [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF], the 2s triple Auger decay proceeds mainly by cascade. In a first step a Coster Kronig Auger decay takes place in which a 2p and a valence electron contribute, producing the emission of a first Auger electron and the two large bands at ~45eV and ~30eV in the spectrum of the energy of one of the Auger electrons (Fig 6,right). These bands correspond respectively to the formation of the intermediate Ar 2+ 2p -1 3p -1 and Ar 2+ 2p -1 3s -1 states. In a second step the 2p holes in these intermediate states will evolve by double Auger decay. The energy sharing between these last two Auger electrons appears e.g. in the horizontal bands of the Dalitz plots, at the corresponding energy positions for the broad ~45 and ~30eV bands in Figure 6. Both a cascade path (large structured intensities on the edges) and a direct path (weak smooth intensity all along the lines) are observed for the emission of these last two Auger electrons. It is interesting to note that the direct release of the last 2 Auger electrons is more intense for the decay of the Ar 2+ 2p -1 3p -1 intermediate state to the Ar 4+ 3p -4 final one (compared to the decay to the Ar 4+ 3s -1 3p -3 final state), as seen in Fig 6 A); and for the decay of the Ar 2+ 2p -1 3s -1 intermediate state to the Ar 4+ 3s -1 3p -3 final state, as seen in Fig 6 B). In other words the v -1 valence hole of the Ar 2+ 2p -1 v -1 intermediate state prefers to remain spectator of the direct double Auger decay of the 2p core hole.

Conclusion

In conclusion we have presented our multi-electron coincidence spectroscopy experiment, which is based on the use of a magnetic bottle time of flight spectrometer. These spectrometers were introduced at the beginning of the XXI st century and have allowed decisive progress in the study of multiple photoionization. We presented a rapid review of the discoveries they made possible. We illustrated more specifically the power and the sensitivity of this new technique on a specific example: the decay by emission of three Auger electrons of an inner shell hole in the N=2 shell of argon. Although the 2p hole decay is a weak process with a probability of the order of only 2.10 -3 , we showed that it is possible to characterize it in detail. We found that the three electrons emission is mainly simultaneous in the 2p hole case, in contrast with the decay of the 2s hole which proceeds mainly by sequential Auger electron cascades. states. The vertical bars indicate the expected position, obtained from the Ar 4+ levels tabulated in the NIST tables [START_REF] Kramida | NIST Atomic Spectra Database (ver. 5.3)[END_REF]. A fit of the spectrum is shown; it was obtained by imposing a statistical ratio of 2 / 1 for the intensities of the transitions from 2p 3/2 / 2p 1/2 core holes, and by using the tabulated Ar 4+ energy spacings [START_REF] Kramida | NIST Atomic Spectra Database (ver. 5.3)[END_REF]. [START_REF] Lablanquie | Multi-electron spectroscopy: Auger decays of the argon 2s hole[END_REF] but here statistics is better and dead time is shorter, revealing more clearly the direct emission of the two Auger electrons released in the last step of the Auger cascade.

  Fig 3 (right) displays the energy distribution of one of the three Auger electrons in this case where a final Ar 4+ 3p -4 state is reached. As explained above it is obtained by projection of the 2-dimensional Dalitz plot (Fig 3 left) on its perpendicular height. The black (dotted) curve gives an estimate of the background due to false coincidences, obtained by selecting an energy range [110-115.
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 12 Fig 1:Auger spectra for the Auger decay of an Ar 2p hole by emission of one, two or three Auger electrons. The Auger spectra are represented as a function of the total kinetic energy of the Auger electron(s) (respectively, 1, 2 or 3) and visualize the final sate populations. They have been obtained respectively from 2, 3 and 4 electron coincidence events where a 2p photoelectron is detected in coincidence with 1, 2 or 3 other electrons. A bin size of 100meV was used here.
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 163456 Fig 3 : Triple Auger decay of an Ar 2p hole. Left shows the Dalitz plot displaying the energy correlation between the three Auger electrons detected in coincidence with a 2p photoelectron, and with the constraint that a final Ar 4+ 3p -4 level is reached (sum of the kinetic energy of the three Auger electrons is imposed to lie in the 102-107.7eV energy range). The spectrum in the right (red) shows the energy of one of these three Auger electrons. It is obtained by the projection of the Dalitz triangle onto its perpendicular height. The black dotted curve gives an estimate of the background contribution, obtained by selecting an energy range of 110 -115.7 eV for the sum of the three electrons coincident with a 2p photoelectron

  

  

  

  

Table 1 :

 1 Relative abundances of multiply charged Ar n+ ions produced by Auger decay of the argon 2p and 2s holes.

				Relative abundances (%)	
	Final ionic charge	Type of Auger decay	2p	2p 3/2	2p 1/2	2s
			(this work)	[53]	[53]	[52]
	+2	Single	90.3	90.4	90.7	3
	+3	Double	9.5	9.4	9.1	89
	+4	Triple	0.18	0.18	0.18	8
	+5	Quadruple	-	-	-	0.3
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