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Introduction

The Magnesium atom is a typical two-active-electron system for which the study of multiphoton ionization with visible or UV laser pulses is susceptible to thorough theoretical treatment. The latter has been achieved due to its relative simplicity with respect to heavier Alkaline Earth atoms (such as Ca, Sr and Ba), making a fairly accurate description of its structure tractable and thus allowing for a detailed examination of the laser-atom interaction aspect. As a consequence, the majority of experimental studies performed during the last fifteen years or so were quite efficiently supported theoretically, at various levels of complexity and sophistication. In both experiment and theory, particular attention was paid to multiphoton and stepwise ionization processes involving the highly correlated 3p 2 1 S 0 doubly excited state, located just above the first (3s 1/2 ) ionization threshold of Mg. For example, the spectral profile of this state was experimentally recorded (by collecting the produced Mg + ions after ionization by two photons from the 3s 2 1 S 0 ground state [1][2][3]) and theoretically calculated by several authors [3][4][5][6][7]. Additionally, the asymmetry parameters and related features of photoelectron angular distributions (PADs) for such processes (involving also the possibility of above-threshold-absorption) were computed over an extended excitation energy range [4,[7][8][9][10]. These data reveal a remarkable energy variation when the laser radiation is resonant with either intermediate or final atomic states (the latter embedded in the continuum). However, experimentally there is only one PAD measurement performed on the 3p 2 1 S 0 resonance line maximum after two-photon excitation [2]. On the other hand, it is well known by now that the quality of computed wavefunctions cannot be conclusively assessed solely on the basis of the spectral profile reproduction. In fact, wavefunctions and computational procedures as a whole, may be much more sensitively and stringently tested via the angular distributions of photoelectrons (as was also clearly demonstrated in a number of stepwise excitation studies on Mg [3pns] J=1 and [3pnd] J=1,3 autoionizing Rydberg series [11,12]). Moreover, the complexity of the already demanding task of multiphoton PADs computation is increasing considerably with the number of absorbed photons. This may explain the fact that there are no results for photon numbers higher than two, apart from a single theoretical work devoted to a fourphoton ionization PAD [13] that was experimentally recorded at the fixed wavelength of 532 nm [14]. Nevertheless, in particular cases multiphoton ionization with a large number of photons may reveal subtle structural and laser-atom interaction features. For example, in an older [15] as well as in a fairly recent work [16], where the 3p 2 1 S 0 state was excited with four photons, a number of unexpected features were observed. In [16] particularly, it was shown that this state is strongly onephoton coupled by the laser field with a bound (lower lying) as well as an autoionizing (higher lying) state. This strong coupling results in a significant red shift (~6 nm) of the four-photon resonance with respect to its unperturbed location. Furthermore, the three states involved, form a ladder system making feasible above-threshold-absorption, Mg + production into the excited 3p j states and double ionization with laser pulses of moderate intensity ( 10 12 W/cm 2 ) and ns duration.

The above processes were experimentally probed by recording the Mg + and Mg +2 yields as well as the fluorescence yield from the ionic 3p j 3s 1/2 radiative decay. A theoretical model was developed in [16] in order to clarify the underlying dynamics of the laser-driven Mg atom. Atomic parameters were obtained by a nearly ab-initio configuration interaction method on two-electron B-splines basis sets [17] and the time evolution of the Mg atom and Mg + ion was described with a density matrix and rate equations formulation, correspondingly. The accurate modelling of the electronic structure and the detailed description of the laser-induced dynamics led to a nearly quantitative agreement between experiment and theory and facilitated a consistent interpretation of the aforementioned unanticipated results. Additional evidence on the interplay between the various competing processes can be obtained by photoelectron energy spectroscopy and wavelengthdependent PAD measurements. In particular, photoelectron energy analysis could provide wavelength-dependent information on the decay channels of the n-photon excited Mg atom (particularly for n 4) by resolving the corresponding groups of emitted photoelectrons, while PADs will identify the wavelength-dependent interplay between the various final-state channels as defined by the electronic structure (bare continuum vs autoionizing resonances embedded in it) and modified by the pulsed laser excitation. It is the purpose of the present experimental work to supply part of that missing piece of information by presenting the energy variation of photoelectron angular distributions across the 3p 2 1 S 0 resonance under both two-and four-photon excitation.

The rest of the paper is divided in four sections: In the following section, the experimental set-up and procedure are described. In the third section, our experimental results on photoelectron angular distributions are presented and discussed. Finally, in the last section our conclusions and outlook are given.

Experimental setup and procedure

The experimental set up, consisting of an atomic beam apparatus capable of electron and ion detection, is shown schematically in figure 1. Mg vapor is produced in an electrically heated stainless steel oven mounted at the top of a laser-atom interaction chamber and connected to it through a water-cooled baffle. The vapor passes through a 0.5 mm diameter hole where it is collimated via a ~15 cm long stainless steel tube of ~5 mm inner diameter. The laser-atom interaction point is located ~3 cm downstream the tube exit. The chamber is evacuated by a rotary pump and a turbo molecular pump (Leybold Turbovac TW 250S) system and is equipped with two liquid nitrogen traps. The achieved background pressure is ~1×10 -7 mbar.

The atomic beam interacts at right angle with the laser beam. The latter is provided by a Nd: AG pumped dye laser (Lamda Physik Scanmate 2EC-400 pumped by Brilliant BW) operating in the 580-596 nm wavelength range (using the dyes Rhodamine B or Rhodamine 6G or their appropriate mixture) and offering wavelength calibration within ~0.01Å. The laser linewidth is ~0.1 cm -1 and the amount of amplified spontaneous emission (ASE) is kept to a power level lower than 1.5% by appropriately adjusting the dye concentration of the laser oscillator and amplifier. For the two-photon ionization studies the fundamental frequency is doubled by a BBO type-III crystal. The system operates at a repetition rate of 10 Hz and delivers linearly polarized pulses of ~5 ns duration.

The laser pulse energy is controlled by a variable attenuator (Newport 735-5) without any spatial misalignment and it is measured in front of the chamber entrance by a digital joule meter (Ophir PD300). The pulse energy is kept constant within ~15% over the whole wavelength range examined here and amounts to ~10 mJ for the fundamental and a fraction of a mJ for the second harmonic radiation. When focused into the interaction chamber by an f ≈10 cm focal length lens, these values correspond to power densities of ~2×10 11 W/cm 2 and ~1×10 10 W/cm 2 respectively (as calculated under the assumption of a diffraction limited Gaussian beam profile). Before entering the chamber the laser linear polarization is first purified (from any imperfections caused by the right angle prisms guiding the beam from the laser to the chamber) and then the polarization plane is gradually rotated by means of a /2 device in order for the PADs to be recorded. For the fundamental frequency a quartz Glan-Laser polarizer is used in conjunction with an achromatic Quartz-MgF 2 zero-order /2 wave plate (Newport 10RP52-1). The corresponding system for the UV radiation is an alpha-BBO Rochon prism polarizer (EKSPLA 455-2110) and a double Fresnel rhomb.

The ions and electrons created by the laser-atom interaction are detected perpendicularly to both the atomic and laser beams. The photoelectrons are energy analyzed by an electrostatic 166 o spherical sector electron energy analyzer (Comstock AC-902B), operated in the constant transmission energy mode [18] and equipped with an electrostatic lens (Comstock EL-321) for the purpose of maximizing the collected electron signal. The latter is detected by a pair of microchannel plates (MCPs) mounted at the exit of the analyzer. The whole system is placed within a µ-metal box for protection against parasitic magnetic fields. The achieved energy resolution FWHM /E o is ~0.8% for transmission energies E o in the range 10-30 eV. The angular resolution is found to be ~3o with the electrostatic lens turned-off and ~4o when the lens is turned-on. It was verified that, apart from this small angular resolution degradation, the lens does not influence the recorded PADs in any other way (as was already mentioned previously [19]). Concerning the Mg + ions, they are discriminated against parasitic ionic signals by means of a pulsed time-of-flight (TOF) mass spectrometer. A positive ~1 kV pulse is applied on a hollow repeller electrode ~500 ns after the laser pulse. This delay is long enough so that the electron signal has completely decayed. The electric pulse pushes the ions towards a grounded plate with a ~3 mm diameter hole in its center which is followed by a ~18 cm long grounded tube. At the end of the tube ions are detected by another pair of MCPs. The TOF system easily resolves all three 24,25,26 Mg + ions.

All the voltages required for the operation of the analyzer are provided by a dedicated power supply (Comstock Model ES-101). The latter is driven by a 0-10 V voltage ramp provided by a programmable module (Stanford Research Systems SR245). The module itself is driven by a personal computer through a home-made LabView ® software. The electron and ion signals (either themselves or after they are processed by boxcar integrators (Stanford Research Systems SR 250)) are monitored by a digital oscilloscope (LeCroy 9310). The latter is connected to the personal computer via a GPIB ® port for the purpose of storing those signals.

The oven operates within a temperature range of 580-640 o C. The temperature is chosen so as to avoid any apparent space charge effects. For that purpose, for each wavelength it is reduced to a value resulting in quasi-symmetric electron line profiles, exhibiting the instrumental line widths (see figure 2). The estimated vapor density under these conditions is ~10 7 -10 8 atoms/cm 3 . The temperature is continuously monitored by a thermocouple and it is kept constant to within 1 o C. Furthermore, the stability of the atomic density during the PAD recording is verified by periodically monitoring the Mg + signal.

Results and discussion

Two-photon ionization

It is by now well established [20] that Mg atom can be described fairly well within the pure LS coupling scheme (at least for low excitation/ionization cases). Therefore, two-photon absorption of linearly polarized light from its 3s 2 1 S 0 ground state leads to even parity final states of 1 S 0 and 1 D 2 symmetry. The relevant continua are the 3s s (s-wave) and 3s d (d-wave) ones, respectively. Within the examined wavelength range (290.5-295 nm) there are no J=2 autoionizing levels and the spectrum is dominated by the broad 3p 2 1 S 0 doubly excited state. Its line profile however is distorted by the red tail of the one-photon resonant, two-photon ionization process via the 3s3p 1 P 1 bound intermediate state [1,2] (see inset of figure 2(a)). The recorded electron spectrum consists of a single peak (at ~0.81 eV for ≈293 nm -figure 2(a)). No electron peaks corresponding to abovethreshold-absorption [10] are observed for the laser intensity employed in the present experiment.

At any given wavelength, the transmission energy of the electron energy analyzer is set at the maximum of this peak and the signal S is recorded as a function of the angle between the linear laser polarization and the direction of electron detection. The recorded two-photon PADs vs wavelength are shown in figure 3. The data are fitted to the form [21] ( )

( ) ( ) ( ) ( ) θ ω θ ω β θ ω k N k k k N k k a P S 2 0 2 2 0 2 cos cos , = = ∝ ∝ (1) 
where N=2 for two-photon ionization. In the absence of intermediate resonant levels the parameter 0 of equation ( 1) is given by [7],

( ) ( ) ( ) π ω σ ω β 4 0 N tot = (2) 
with ( ) ( ) ω σ N tot the total integrated, generalized N-photon ionization cross section. Below saturation,

( ) ( ) ω σ N tot
is proportional to the total ionization (Mg + ) yield. We found more convenient to fit the recorded PADs using the second form of equation (1). The constant term is set equal to unity, i.e. a 0 =1. Therefore, the parameters a 2k , k=1,2, assembled in table 1, refer to the ratios a 2 /a 0 and a 4 /a 0 .

They are also shown graphically in figures 4(a) and (b) for visualizing their variation across the 3s 2 1 S 0 + 2 UV 3p 2 1 S 0 transition. Thus, a 2 changes sign twice, becoming negative on both sides of the resonance (whose maximum is located at ~292.9 nm). Note that negative a 2 values can be associated with the appearance in the PADs of a lobe at =90 o (see figure 4(d)). In turn, the emergence of this lobe can, roughly speaking, be attributed to the increasing importance of the dwave component, relative to the s-wave one (see figure 8 of [4]). As for a 4 , it exhibits a pronounced on-resonance dip. For the purpose of comparison, figure 4 also includes the single measurement reported in [2] on the resonance maximum. It is obvious that these data complement nicely the present measurements. From the a 2k values the corresponding 2k / 0 , k=1,2 ratios can be subsequently computed (not shown here). The first ratio is found to be 2 / 0 ≈1.5 and nearly energyindependent, in good agreement with the calculation of [8] (figure 1 therein), where it is found to exhibit a small variation, which however lies within our error bars. The second ratio 4 / 0 , shows a remarkable on-resonance dip, following closely the theoretical data of references [8] (figure 1 therein) and [4] (figure 6 therein, showing the ratio

( ) ( ) ( ) ( ) ω σ ω σ 2 pol. lin. 2 pol. circ. / (
which is equal to (12/7) 4 / 0 [8]) being in close agreement with each other. The only discrepancy lies in the value of 4 / 0 at the dip minimum which is experimentally found to be lower by a factor of ~2 (~0.13 instead of their values of ~0.23 -see table II of [8]). Furthermore, multiplication of these ratios by the Mg + spectrum (∝ 0 ), recorded under the same UV radiation intensity, provides the wavelength dependence of 2k k=1,2 themselves. They are shown in figure 4(c) with the value of 0 set arbitrarily equal to unity at the longest wavelength of this set of measurements, i.e. at UV ≈295 nm.

The data of figure 4(c) may be compared to the theoretical calculations of [7] (figure 2(b) therein).

Apart from the resonance location, which is not well reproduced by that theoretical work, there is quite satisfactory overall agreement between the experimental and the theoretical energy variation for all 2k , k=0-2 parameters. Particularly for 2 , whose wavelength behaviour follows closely that of 0 , the agreement is quantitative within our reported error-bars. As for 4 (which is proportional to the 1 D 2 partial cross section [7]), a smooth monotonic increase with increasing energy was predicted. This increase is related to the one-photon resonant two-photon ionization through the 3s3p 1 P 1 state, corresponding to a significantly increased 1 D 2 partial cross section. Experimentally though, the increase of 4 is not monotonic, since a shallow dip (associated to the discrepancy mentioned above for the 4 / 0 ratio) appears around the center of the 3p 2 1 S 0 resonance (see figure 4(c)). Since our measurements are performed with a laser power density higher than the calculated saturation intensity [4,7,8], the existence of the dip could possibly be attributed to saturation effects (which are expected to affect the PAD shapes [22]). A theoretical study that takes saturation into account would be of great interest for clarifying this point. Nevertheless, in the event that saturation phenomena play indeed a role, the fact that they are evident solely on the energy dependence of 4 implies that the s-wave contribution is not particularly sensitive to them.

Four-photon ionization

We present next the results of the interaction of Mg atoms with the fundamental laser radiation within the examined wavelength range. Under such conditions the 3p 2 1 S 0 resonance is red-shifted by ~6 nm with respect to its unperturbed location due to its strong one-photon coupling with the bound 3s4p 1 P 1 state (third photon energy range) and the 3p3d 1 P 1 autoionizing level in the vicinity of the fifth photon (see inset of figure 2(b)). These two levels fall well outside the wavelength range scanned. Despite that, their interaction with the 3p 2 1 S 0 state is strong enough to facilitate the absorption of six photons (from the Mg ground state), leading to excitation of Mg atoms above the 3p j thresholds. As a consequence, ionization at the sixth photon level creates Mg + ions excited to the 3p j ionic states. The latter serve as initial levels for sequential double ionization [16]. The corresponding electron energy spectrum, shown in figure 2(b), provides conclusive evidence on the validity of the above picture and additional support to the thorough analysis offered in [16]. A similar electron energy spectrum was also presented in [15]. In the present work, we limit our presentation to the PADs of the main electron peak (numbered (1) in figure 2(b)) corresponding to four-photon ionization out of the Mg ground state. Furthermore, the laser intensity employed here is somewhat below the onset of saturation for four-photon ionization (as deduced from the theoretical cross sections given in [8] and the measurements of [16]). Our purpose here is to convincingly establish the potential of photoelectron energy analysis and PADs in shedding more light on the details of the underlying dynamics. Therefore, a direct comparison with the experimental and theoretical results reported in [16] should be possible. Consequently, we have limited our presentation to a specific laser intensity most appropriate for this comparison and deferred a detailed intensity-dependent study of the PADs to a later publication.

Apart of the 3s 2 1 S 0 + 4 VIS 3p 2 1 S 0 transition there are no other even parity autoionizing states reached by four photons (in particular, the [3pnf] J=4 states are found to be quasi-hydrogenic [23] and far from the examined energy range). For linear laser polarization there are three relevant continua, i.e. the s ( 1 S), d ( 1 D) and g ( 1 G) ones. As it was shown in [16], for a reliable interpretation of the experimental data both the J=0 and J=2 continua should be taken into account. On the contrary, the J=4 pathway was omitted, in accordance to theoretical calculations [8] showing that the J=4 channel four-photon partial cross section is significantly lower than the corresponding values for the J=0 channel (by about one order of magnitude) and for the J=2 channel (by about a factor of 3).

Equation ( 1) is now applied with N=4. The recorded and fitted PADs are shown in figure 5 and in polar form in figure 6(f). The a 2k , k=1-4 parameters (a 0 =1) are given in table 2 and graphically in figures 6(a)-(d). Finally, figure 6(e) shows the corresponding Mg + spectrum (proportional to 0 ) recorded under identical conditions. From the above data the 2k , k=1-4 parameters could be also computed. Nevertheless, as with the two-photon ionization case, the PADs resonant behavior is already evident in the energy dependence of the parameters a 2k . As it may be seen from figure 6, within the range of 590-594 nm, a 2 and a 4 exhibit a maximum and a minimum respectively, while a 6 and a 8 change sign. The two latter parameters are approximately mirror images of each other. All PADs exhibit a lobe at =90 o , explaining the negative a 2 values over the whole wavelength range. This fact implies that the d-wave contribution is always present while, as expected [16,8], the PADs are not suggestive of any important g-wave contribution. On the other hand, as it may be seen from the polar plots of figure 6(f) the ratio S(0 o )/S(90 o ) increases significantly for 591 and 592 nm. Stated in another way, the relative importance of the 90 o lobe shows an on-resonance decrease, presumably in favor of the s-wave continuum into which the 3p 2 1 S 0 state autoionizes. Furthermore, all the above resonance manifestations show an energy dependence which is broader than the apparent width of the 3p 2 1 S 0 resonance itself (figure 6(e)).

Additionally, the locations of the extrema and zero-crossing points of a 2k are found shifted with respect to the apparent maximum of the Mg + spectrum. This is expected however, because (i) there is a considerable ionization signal of 1 D character modifying the line profile and maximum of the resonance and (ii) the asymmetry parameters are indeed expected to display a shifted as well as a broader resonant behavior with respect to the spectral characteristics of the resonance [24,25].

While it would be tempting to apply the isolated autoionizing state formalism of [24] to the four-photon PADs, it was not attempted here, since the autoionizing resonance can be hardly considered as isolated, due to the strong light-induced couplings mentioned above. It turns out that a more rigorous theoretical treatment is required.

Not surprising perhaps, we also record a rise of the dominance of the s-wave contribution around 586 nm, a wavelength corresponding approximately to the field-free energy position of the autoionizing resonance. While the relative contribution of the two partial waves is less prominent in this energy range, it is nevertheless clearly discernible from the polar plots of the PADs. However, the spectral range, over which these features are present, is considerably narrower than the corresponding one around the field-shifted position of the resonance (~591 nm). Thus, the PADs reveal important details of the underlying electron correlation effects that shape the atom's response to the field excitation, details that cannot be revealed by any other observable quantity.

Conclusions and Outlook

We have measured the photoelectron angular distributions resulting from two-and fourphoton ionization of ground state Mg in the energy range where the highly correlated 3p 2 1 S 0 doubly excited state is located. The study focused on the energy dependence of the asymmetry parameters a 2k and/or 2k , k=1-N, where N is the order of the ionization process. For the two-photon case, the agreement between experimentally derived 2,4 parameters and theoretically calculated ones by various authors were found to be in good agreement. However, a small remaining discrepancy observed for 4 implied that a perturbative treatment may not be sufficient and that an improved calculation (taking perhaps saturation phenomena into account) may be required. As for the fourphoton asymmetry parameters, for which theoretical predictions are not available, they also show a resonant behavior. The latter is manifested by the appearance of on-resonance extrema (a 2,4 ) and zero-crossing points (a 6,8 ) implying a wavelength-dependent interchange between the relative contribution of s-wave (on-resonance) and d-wave (off-resonance) character to the measured distributions. The resonant character was red-shifted and broader with respect to the apparent maximum and spectral width of the Mg + yield. The latter is, in turn, significantly red-shifted with respect to the unperturbed location of the 3p 2 1 S 0 state, due to a strong field-mediated interaction, dominating the multiphoton ionization process.

Evidently, for such a complex process, involving above-threshold-absorption and sequential double ionization as well, calculations within the lowest-non-vanishing-order of perturbation theory would not be sufficient. On the contrary, an elaborate time-dependent approach, along the lines of our earlier work [16], but appropriately extended to include PAD calculations, would be of great interest. Such a task, along with experimental measurements for high laser intensity and for an extended wavelength range, constitutes an ongoing project of our group and will be presented in a forthcoming publication. Moreover, having established the potential of photoelectron energy analysis and PAD measurements in clarifying the complex multiphoton dynamics of Mg, when autoionizing resonances and multichannel continua are involved, we plan to apply these techniques to more complex Alkaline Earth atoms such as Sr, for which similar excitation schemes, as the one reported herein, have provided equally unanticipated results [26]. While certain features observed in Sr are similar to the corresponding ones for Mg, thus establishing a set of propensity rules for the high-order multiphoton dynamics of alkaline-earths, there are also some striking differences. We hope that the combined experimental techniques presented herein, when applied to Sr, will provide additional clues as to the origin of these differences in the multiphoton-induced response of similar two-active electron atoms. Mg + (3p j ) + 6 VIS Mg 2+ (ground state) + e -(~2 eV). For a detailed analysis of these pathways see [16]. The vertical dashed line separates electron energy ranges recorded with different transmission energy due to the low signal level corresponding to peaks (2) and (4). For E<1 eV, E o =10 eV and for E>1 eV, E o =30 eV. The electron energy scales were calibrated using known two-photon resonant three-photon ionization processes on Xe atom [19] recorded under unsaturated and spacecharge-free conditions. 1)) determined from the fits of PADs for two-photon ionization of ground state Mg in the vicinity of the 3p 2 1 S 0 resonance. The tabulated wavelengths refer to the fundamental laser radiation (i.e. before doubling) for an easier comparison with the data corresponding to four-photon ionization. They are higher than those corresponding to twice the UV radiation wavelength by ~0.01 nm. By definition a 0 =1. Two-photon ionization VIS (nm) a 2 a 4

Table 2. Parameters a 2k , k=1-4 (see equation ( 1)) determined from the fits of PADs for four-photon ionization of ground state Mg in the vicinity of the (shifted) 3p 

Figure 1 .

 1 Figure 1. Schematic drawing of the experimental set-up. (a) Optical arrangement. DL: Dye laser system, BBO: second harmonic generation crystal, F: UV-transmission filter (for suppressing the fundamental laser radiation), LP: Linear polarizer, HWP: half wave plate, L: lens. (b) Interaction chamber and electron and ion detection arrangement. i-TOF: positive ion time-of-flight mass spectrometer, V TOF : positive HV pulse. EL: Electrostatic Lens, SEA: spherical sector electron energy analyzer, MCP: microchannel plates.

Figure 2 .

 2 Figure 2. (a) Electron energy spectrum resulting from two-photon ionization of ground state Mg at UV ~293 nm exhibiting a single peak (P denotes a parasitic nearly zero kinetic energy electron peak stemming from the ionization of the parasitic background). The electron analyzer transmission energy is E o =10 eV and the experimental resolution is E FWHM 0.08E o . The inset shows a simplified energy level diagram of the process. (b) Electron energy spectrum resulting from the interaction of ground state Mg with the fundamental laser radiation ( VIS ~590 nm). Apart from the parasitic peak, the spectrum consists of four peaks originating from the pathways shown in the inset's simplified energy level diagram, namely: (1): Mg + 4 VIS Mg + (3s 1/2 ) + e -(~0.76 eV), (2): Mg + 5 VIS Mg + (3s 1/2 ) + e -(~2.9 eV): (3): Mg + 6 VIS Mg + (3p j ) + e -(~0.52 eV) and (4):

Figure 3 .

 3 Figure 3. Experimental and fitted PADs from two-photon ionization of Mg around the 3p 2 1 S 0 resonance. The quoted error bars are the standard deviation of the experimental data accumulated over a few thousand laser shots. The wavelengths shown refer to the fundamental laser radiation (i.e. before doubling) for an easier comparison with the corresponding four-photon PADs.These values are higher than those corresponding to twice the UV radiation wavelength by ~0.01 nm. All graphs have the same vertical scale. The parameters determined from the fits are assembled in table 1.

Figure 4 .

 4 Figure 4. Parameters (a) a 2 and (b) a 4 (equation (1)) determined from the fits of the two-photon ionization PADs (shown in figure 3 and listed in table 1), as a function of the fundamental laser radiation wavelength (i.e. before doubling). Note that a 0 =1. (c) The corresponding parameters 0 , 2 and 4 , obtained from the Mg + spectrum recorded in the vicinity of the 3p 2 1 S 0 resonance under the same laser intensity (dots) and the parameters a 2 and a 4 . In all (a), (b) and (c) graphs the points marked with (×) refer to the single measurement reported in reference [2] and the dashed lines are smooth interpolations through the data for guiding the eye. (d) Wavelength dependence of PADs polar plots in the same radial scale. The angle is measured with respect to the direction of the arrow.

Figure 5 .

 5 Figure 5. Experimental and fitted PADs from four-photon ionization of Mg around the (shifted) 3p 2 1 S 0 resonance for the laser wavelengths reported on each graph. The quoted error bars are the standard deviation of the experimental data accumulated over a few thousand laser shots. The vertical scale is the same for all graphs. The parameters determined from the fits are assembled in table 2.

  

Table Captions .Table 1 .

 Captions1 Parameters a 2 and a 4 (see equation (

  2 1 S 0 resonance. By definition a 0 =1.

		Four-photon ionization	
	VIS (nm)	a 2	a 4	a 6	a 8
	585	6.4±0.3 19.9±0.5 -24.9±0.4 13.3±0.6
	586	8.3±0.9	33±2	-27±2	10.2±0.9
	587	8.2±0.3 31.5±0.6 -43.7±0.7 24.5±0.7
	588	7.8±0.4 28.0±0.7 -29.0±0.5 13.2±0.5
	589	7.5±0.2 26.2±0.6 -26.0±0.5 13.5±0.8
	590	6.7±0.7	26±2	-12.4±1.0 2.1±0.6
	591	5.6±0.8	18±2	-5±3	5±2
	592	6.0±0.9	14±3	13±3	-8±2
	593	5.5±0.6	12±1	9.3±0.9 -9.3±0.6
	594	4.8±0.8	9±2	2±5	-3±1
	595	6.5±0.2 15.7±0.5 -4.5±0.4 -0.6±0.4
	596	7.1±0.2 17.0±0.5	-7±3	1.7±0.4
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