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Introduction

When a shock wave breaks out at a free surface, ejected matter (ejecta) can be emitted from the surface through different physical processes [START_REF] Asay | Ejection of material from shocked surfaces[END_REF][START_REF] Asay | Material ejection from shock-loaded free surfaces of aluminum and lead[END_REF]. The impacts of such high velocity debris can cause severe damage to nearby diagnostics and structures, which is a major safety issue for various applications, including 5 pyrotechnics [START_REF] Held | Initiation criteria of high explosives at different projectile or jet densities[END_REF][START_REF] Yeager | Characterization of hypervelocity metal fragments for explosive initiation[END_REF][START_REF] Bowden | Characterizing the propensity of hypervelocity metal frag-ments to initiate plastic bonded explosives[END_REF] and inertial confinement fusion experiments [START_REF] Tokheim | Hypervelocity shrapnel damage assessment in the nif target chamber[END_REF][START_REF] Eder | Debris and shrapnel mitigation procedure for NIF experiments[END_REF][START_REF] Koniges | Experiments for the validation of debris and shrapnel calculations[END_REF][START_REF] Masters | Debris and shrapnel assessments for national ignition facility targets and diagnostics[END_REF].

Microjetting is one of the processes governing such debris generation. It is due to the interaction of a shock wave with a free surface presenting geometrical defects such as pits, cavities, scratches, or grooves, leading to material ejection from these defects, in the form of thin jets expanding ahead of the main surface and breaking up into small particles (typically µm-scale) with high velocities (a few km.s -1 ) [START_REF] Asay | Material ejection from shock-loaded free surfaces of aluminum and lead[END_REF]. Over the last decades, microjetting has been extensively studied, using mainly explosive or plate impact loading drivers (see reference [START_REF] Buttler | Foreword to the special issue on ejecta[END_REF] for a brief history of ejecta physics). In the past few years, we have studied this process under laser-driven shocks, over small spatial (∼ µm) and temporal (∼ ns) scales, at very high strain rates (∼ 10 7 s -1 ), from straight grooves imprinted in the free surface of laser shock-loaded samples of various metals [START_REF] De Rességuier | Microjetting from grooved surfaces in metallic samples subjected to laser driven shocks[END_REF][START_REF] De Rességuier | Influence of edge conditions on material ejection from periodic grooves in laser shock-loaded tin[END_REF][START_REF] De Rességuier | Experimental study of microjetting from triangular grooves in laser shock-loaded samples[END_REF][START_REF] Roland | Ejection of micron-scale fragments from triangular grooves in laser shockloaded copper samples[END_REF][START_REF] Roland | Ballistic properties of ejecta from a laser shock-loaded groove: Sph versus experiments[END_REF][START_REF] De Rességuier | Picosecond x-ray radiography of microjets expanding from laser shock-loaded grooves[END_REF][START_REF] Prudhomme | Ejecta from periodical grooves in tin foils under laser-driven shock loading[END_REF][START_REF] De Rességuier | Picosecond ra-diography combined with other techniques to investigate microjetting from laser shock-loaded grooves[END_REF]. Optical shadowgraphy and Photonic Doppler Velocimetry (PDV) have been used to measure both jet tip and planar surface velocities [START_REF] De Rességuier | Microjetting from grooved surfaces in metallic samples subjected to laser driven shocks[END_REF][START_REF] De Rességuier | Influence of edge conditions on material ejection from periodic grooves in laser shock-loaded tin[END_REF][START_REF] De Rességuier | Experimental study of microjetting from triangular grooves in laser shock-loaded samples[END_REF], while attempts to infer fragments size distributions, to be compared with model predictions, have been made using either fast transverse shadowgraphy [START_REF] Roland | Ejection of micron-scale fragments from triangular grooves in laser shockloaded copper samples[END_REF] or ejecta recovery [START_REF] Roland | Ballistic properties of ejecta from a laser shock-loaded groove: Sph versus experiments[END_REF]. More recently, picosecond X-ray radiography has been used to provide estimates of the density gradients along the jets and of the total ejected mass at different times after shock breakout [START_REF] De Rességuier | Picosecond x-ray radiography of microjets expanding from laser shock-loaded grooves[END_REF][START_REF] Prudhomme | Ejecta from periodical grooves in tin foils under laser-driven shock loading[END_REF][START_REF] De Rességuier | Picosecond ra-diography combined with other techniques to investigate microjetting from laser shock-loaded grooves[END_REF]. Here, we present the development of a new picosecond laser imaging diagnostic intended to overcome the limitations of our current transverse optical shadowgraphy setup. Indeed, our first attempts to determine ejecta particle size distributions by post-processing of our shadowgraphs evidenced two main problems [START_REF] Roland | Ejection of micron-scale fragments from triangular grooves in laser shockloaded copper samples[END_REF]. Firstly, we failed to detect the smallest fragments due to the limited spatial resolution of our images (∼ 3.5 µm/pixel), which resulted in a truncation of the particle distribution below 5 µm. Secondly, a particle moving at about 2 km.s -1 travels over 10 µm during the 5 ns exposure time, which leads to a motion blur of about 3 pixels in the shadowgraphs, and thereby to a systematic overestimation of fragments size, more marked for faster debris.

In order to solve these issues, we have developed a high resolution laser imaging diagnostic based on the Cranz-Schardin imaging principle [START_REF] Cranz | Kinematographie auf ruhendem film und mit extrem hoher bildfrequenz[END_REF]. In this system, the gated intensified charge coupled device (ICCD) camera is replaced by a high resolution unintensified camera, and the shutter action is performed by a very short lighting laser pulse. The paper describes the step by step development of this new diagnostics, starting from a ns laser imaging system operating at 532 nm, and ending with a ps laser imaging system operating at 355 nm. The results of our first experiments performed on laser shock-loaded tin samples are presented and compared to those obtained at LANL under high explosive loading using ultraviolet in-line Fraunhofer holography [START_REF] Sorenson | Ejecta particle size measurements from the break-up of micro-jets in vacuum and helium gas using ultraviolet in-line fraunhofer holography[END_REF][START_REF] Sorenson | Measurements of sn ejecta particle-size distributions using ultraviolet inline fraunhofer holography[END_REF], and also to molecular dynamics (MD) simulations performed by our colleagues at lower space and time scales [START_REF] Durand | Large-scale molecular dynamics study of jet breakup and ejecta production from shock-loaded copper with a hybrid method[END_REF][START_REF] Durand | Power law and exponential ejecta size distributions from the dynamic fragmentation of shock-loaded cu and sn metals under melt conditions[END_REF][START_REF] Durand | Mass-velocity and size-velocity distributions of ejecta cloud from shock-loaded tin surface using atomistic simulations[END_REF][START_REF] Durand | Comparative simulations of microjetting using atomistic and continuous approaches in the presence of viscosity and surface tension[END_REF]. Combining this new picosecond laser imaging system with our former experimental techniques provides a more complete insight into the physics of microjetting at very high loading rates and the ballistic properties of the resulting ejecta.

Experimental setup

Sample preparation

Square samples of about 10 mm × 10 mm were cut from 100 µm-thick rolled foils of high purity (99.95 %) Sn purchased from GoodFellow. Their surface was first polished to mirror-like finish, and then a straight groove, about 40 µm-deep, was imprinted into this smooth surface. For most of our experiments, we used samples with V-shaped grooves, produced using a steel blade that was polished into V-shaped edges with a controlled half-angle of 45 • . For some experiments, we also used samples with U-shaped grooves produced by indentation of a 45 µm diameter tungsten wire into the target. For each sample, the spatial characteristics of the groove (width, depth and half angle) were quantified by optical surface metrology using both a Keyence VHX-5000 digital microscope and a Polytec TMS-1200 TopMap µ.Lab optical profilometer prior to the laser shot. Fig. 1 shows examples of such characterizations for each kind of groove.

Experimental principle

The layout of our experimental setup is schematically represented in Fig. 2.

The experiments were performed with the GCLT high power laser facility of CEA/DIF. A high power laser pulse of λ=1053 nm wavelength, with a full width at half maximum (FWHM) duration τ of 10 ns (square temporal profile), and an energy between 15 and 19 J, was focused on a 430 µm-diameter spot opposite to the grooved surface. In order to insure a homogeneous illumination of the sample throughout the whole focal spot, we used a diffractive optical elements (DOE) homogenizer from Silios Technologies. The resulting peak power densities on the sample were in the range 1.0-1.3×10 12 W/cm 2 . The sample was set in primary vacuum (<5×10 -2 mbar) to avoid laser breakdown in air. A thin layer of metal, a few micrometers deep beneath the irradiated surface, is ablated into a plasma cloud. Its expansion toward the laser source drives by reaction a short compressive pulse onto the solid sample. The amplitude P load and temporal profile of this pulse were inferred at each shot from a one dimensional (1D) computation of laser-matter interaction with the ESTHER hydrocode [START_REF] Colombier | Hydrodynamic simulations of metal ablation by femtosecond laser irradiation[END_REF], using the measured profile of laser intensity as input boundary condition, and assuming spatial uniformity of the laser energy distribution over the irradiated spot. As the wave propagates into the sample, the compression front rapidly steepens into a shock wave followed by gradual release, so that the pressure profile becomes roughly triangular and peak pressure decays with propagation distance. The shock breakout pressure P SB after propagation throughout the sample thickness was inferred from the same 1D computation, and experimentally checked using PDV (Photonic Doppler Velocimetry) measurements of the free surface velocity of the sample [START_REF] Mercier | Pdv measurements of ns and fs laser driven shock experiments on solid targets[END_REF][START_REF] Loison | Skew photonic doppler velocimetry to investigate the expansion of a cloud of droplets created by micro-spalling of laser shockmelted metal foils[END_REF]. In the shots reported here, the loading pressure P load were in the range 25-38 GPa, and the corresponding shock breakout pressure P SB were in the range 15-21 GPa respectively. The shock breakout pressure being lower than the threshold pressure of about 20 GPa above which tin starts melting upon release [START_REF] Mabire | Shock induced polymorphic transition and melting of tin[END_REF][START_REF] Buttler | Unstable richtmyermeshkov growth of solid and liquid metals in vacuum[END_REF] in most cases, the ejection process upon shock breakout is expected to occur only in the solid state. At the back side of the sample, opposite to the irradiated spot, the grooved surface is monitored by laser imaging using a standard transverse optical shadowgraphy setup. This system provides quasi-instantaneous images of the debris ejection in vacuum at controlled delay times after the laser shot. Illumination is supplied by a pulsed laser system operating at either 532 nm or 355 nm wavelength. As can be seen in Fig. 3, this transverse lighting scheme provides high-resolution shadowgraphs of the sheet of ejecta with a good contrast, whereas an indirect lighting scheme leads to the appearance of hot spots inside the image, and strongly reduces the contrast. 

A relay imaging system consisting of a Mitutoyo Infinity Corrected Long

Working Distance Objective, with a 10× magnification, was used for both wavelength (M Plan Apo 10× model at 532 nm, and M Plan Apo NUV 10× model 105 at 355 nm). The objective was placed closer from the target than the maximum working distance in order to reach a higher magnification. The resulting magnification was measured using a 1951 USAF Resolution Test Targets placed at the location of the sheet of ejecta. As shown in Fig. 4, this system allows reaching a better resolution than a standard afocal system, but at the expense 110 of the depth of field which is reduced to less than 20 µm. A thin polycarbonate (PC) protecting shield was placed in front of the objective in order to protect it from the impact of debris. The images were recorded on a high resolution 14bit CCD cooled camera system (pco.2000 camera from PCO), consisting of an array of 2048×2048 pixels with a size of 7.4 µm × 7.4 µm. In order to reduce the background noise on the recorded images, we used the shortest exposure time of the camera (500 ns). 

Results and discussions

Nanosecond laser imaging

Our first goal was to increase the resolution and the quality of the images compared to our standard shadowgraphy setup using gated ICCD cameras [START_REF] De Rességuier | Microjetting from grooved surfaces in metallic samples subjected to laser driven shocks[END_REF][START_REF] De Rességuier | Influence of edge conditions on material ejection from periodic grooves in laser shock-loaded tin[END_REF][START_REF] De Rességuier | Experimental study of microjetting from triangular grooves in laser shock-loaded samples[END_REF][START_REF] Roland | Ejection of micron-scale fragments from triangular grooves in laser shockloaded copper samples[END_REF]. Therefore, we first developed a high resolution ns laser imaging system based on the Cranz-Schardin imaging principle [START_REF] Cranz | Kinematographie auf ruhendem film und mit extrem hoher bildfrequenz[END_REF]. In this system, the medium resolution ICCD camera is replaced by a high resolution unintensified camera with a smaller pitch. The removal of the intensifier strongly improves image quality by reducing the quantization noise level, and the use of a high resolution camera with smaller pixels allows increasing the magnification, and thereby image resolution.

Our ns laser imaging experimental setup is displayed in Fig. 5. Illumination is supplied by a Quantel ultra 100 laser system operating at 532 nm wavelength. This laser typically generates pulses with a Gaussian temporal profile and a pulse width of 7 ns FWHM. We used a pockels cell to reduce the pulse duration down to 4 ns FWHM. In order to destroy the coherence of the laser beam, and to get smooth images, the laser was injected into a five meter length multimode optical fiber. The output of the optical fiber was imaged on a ground glass diffuser using a fiber collimator and a plano-convex lens, resulting in a regular and smooth lighting of the sample. A narrow band interference filter at the wavelength of the lighting laser pulse (532 nm) was placed between the relay imaging objective and the camera. The images recorded with this system have a whole field of view of 615 µm × 615 µm, and their resolution reaches 300 nm/pixel. showing the microsheet ejected from a triangular groove of 45 • half-angle at successive times after the laser shot (from 150 to 400 ns). Each image originates from a distinct experiment. The laser drive is coming from the left, and the free surface is just to the left of the images. The V-shaped groove is oriented vertically so that we observe the whole microsheet from the side. Fig. 7 shows crops of the central portion of the images of Fig. 6 displayed in false colors, highlighting the smallest details inside the sheet of ejecta. We can see on these images that the microsheet of ejecta consists of a first array of quasi-parallel spikes, with transverse links between them, resulting from the shock breakout at the groove free surface. After 250 ns, we notice the appearance of larger fragments, originating from the spall fracture of the target deep beneath the grooves. Indeed, picosecond x-ray radiographs recorded 155 in similar loading conditions [START_REF] De Rességuier | Picosecond x-ray radiography of microjets expanding from laser shock-loaded grooves[END_REF][START_REF] De Rességuier | Picosecond ra-diography combined with other techniques to investigate microjetting from laser shock-loaded grooves[END_REF], reveal two lines of low density spreading deep inside the bulk sample from both edges of the groove. They result from local tension due to the interactions of the rarefaction waves deflected from the groove edges with that reflected from the planar surface outside the groove upon shock breakout, and are clearly visible in post-recovery observations [START_REF] De Rességuier | Microjetting from grooved surfaces in metallic samples subjected to laser driven shocks[END_REF].

Similar observations have also been reported at larger scale in experiments using a high explosive driver [START_REF] Schauer | Constraining ejecta particle size distributions with light scattering[END_REF]. These observations clearly show that the total ejected mass is the sum of the mass contained in the jet (∼ the missing mass given by the product of the groove volume and the initial material density ρ 0 [START_REF] Asay | A model for estimating the effects of surface roughness on mass ejection from shocked materials[END_REF]) and the mass of the fragments resulting from the microspall of the target along the groove edges.

As mentionned earlier, our first goal was to increase the resolution and the quality of the images compared to our standard shadowgraphy setup. The resolution of 300 nm/pixel achieved in our new nanosecond laser imaging configuration represents a factor of ∼12 increase compared to our previous shadowgraphy setup (∼ 3.5 µm/pixel). Moreover, one can see that the quality of the images in Fig. 6 is pretty good. However, this notable improvement of the resolution also results in a large increase of the motion blur. In Fig. 6, the maximum jet tip velocity is about 1500 m.s -1 , which results in a motion blur of about 20 pixels (∼6 µm) during the 4 ns gate. It is therefore difficult to resolve the smallest details inside the sheet of ejecta. This led us to develop a picosecond laser imaging diagnostic, described in the following sections.

Picosecond laser imaging without smoothing

In order to suppress the motion blur, and to resolve the smallest details inside the sheet of ejecta, we replaced the nanosecond laser lighting system by a picosecond laser system. We first developed a picosecond laser imaging setup without any beam smoothing, so that our setup might be easily modified in the near future, in order to perform in-line digital holography with minimal modification of the optical system. This setup is displayed in Fig. 8. In this case, illumination is supplied by a custom SL234 EKSPLA ps laser system, optimized for single shot operation. This laser provides Gaussian pulses with a FWHM duration of 100±15 ps and a top hat spatial profile, with a maxi-mum energy of 125 mJ at 532 nm and 80 mJ at 355 nm wavelength respectively.

In this first picosecond setup, the lighting laser was propagated freely into air up to the target without any smoothing of the spatial beam profile. We just used a slightly divergent lens in order to limit speckle and interference fringes on the recordings. A R max mirror was used in front of the camera in order to select only the light coming from the lighting laser. The relay imaging system was exactly the same as the one used in our nanosecond laser imaging setup.

The resulting field of view and magnification were respectively, 471 µm × 471 µm and 230 nm/pixel at 532 nm, and 532 µm × 532 µm and 260 nm/pixel at 355 nm In order to increase the resolution of our images, we have performed similar experiments to those presented in Fig. 9, but using ultraviolet lighting at 355 nm instead of visible lighting at 532 nm. The corresponding images are shown in Fig. 10. They can be directly compared to those displayed in Fig. 9. In both cases, the shock breakout pressure is about 21 GPa, slightly higher than the threshold pressure of about 20 GPa above which tin starts melting upon release [START_REF] Mabire | Shock induced polymorphic transition and melting of tin[END_REF][START_REF] Buttler | Unstable richtmyermeshkov growth of solid and liquid metals in vacuum[END_REF]. However, the ejection process upon shock breakout is expected to occur mostly in the solid state, and we can therefore make a comparison with the nanosecond laser imaging experiments performed at slightly lower pressure.

One can see in Fig. 9 and Fig. 10, that using a 100 ps FWHM lighting laser pulses enables us to suppress the motion blur. Decreasing the lighting wavelength from 532 nm down to 355 nm results in a slight increase of the resolution of the images, the isolated fragments being better resolved. For both wavelengths, the quality of the images is not good, because of the appearance of an irregular network of interference fringes in the whole field of view, and also of diffraction around the smallest objects. One can notice that these detrimental effects increase as the lighting wavelength decreases from 532 to 355 nm. If one wants to perform high quality imaging, the coherence of our picosecond lighting laser beam should therefore be completely destroyed. This beam smoothing issue is adressed in the following section.

Picosecond laser imaging with smoothing

In order to suppress the spatial coherence or our picosecond lighting laser beam, we have tried several beam smoothing techniques. The best results have been obtained by combining short multimode optical fibers with optical diffusers. As can be seen in Fig. 11 the best compromise has been obtained with a two meters length optical fiber. Of course, longer fibers would lead to better smoothing, but unfortunatelly, they also lead to an undesired lengthening of the picosecond lighting laser pulse duration.

The final experimental configuration is shown in Fig. 12. The only difference with the configuration without beam smoothing displayed in Fig. 8 is the addition of the optical components used to destroy the spatial coherence of the lighting laser beam. Fig. 13 presents a typical sequence composed of high-resolution shadowgraphs recorded behind a 100 m-thick Sn sample subjected to a 25 GPa laser shock, showing the microsheet ejected from a triangular groove of 45 • half-angle at successive times after the laser shot (from 100 to 250 ns). Each image originates from a distinct experiment. The laser drive is coming from the left, and the free surface is just to the left of the images. The V-shaped groove is oriented vertically so that we observe the whole microsheet from the side. Fig. 14 shows crops of the central portion of the images of Fig. 13 displayed in false colors, highlighting the smallest details inside the sheet of ejecta.

We can see on these images, that the microsheet of ejecta consists of an array of quasiparallel spikes, with transverse links between them. Near the free-surface, we can observe well-defined closed web-like structures that are still observed at longer delays. If we look further to the right on the two last images, we observe that these large web-like structures breakup into isolated tendrils, which in turn breakup into individual particles. As illustrated in more detail in Fig. 14, these data seem to confirm the existence of three stages of breakup, which were first evidenced by Sorenson et al. at LANL [20,[START_REF] Sorenson | Measurements of sn ejecta particle-size distributions using ultraviolet inline fraunhofer holography[END_REF], using ultraviolet in-line Fraunhofer holography. They are also consistent with the results derived from MD calculations and direct numerical simulations (DNS) of microsheet breakup as discussed in [START_REF] Durand | Large-scale molecular dynamics study of jet breakup and ejecta production from shock-loaded copper with a hybrid method[END_REF][START_REF] Durand | Power law and exponential ejecta size distributions from the dynamic fragmentation of shock-loaded cu and sn metals under melt conditions[END_REF][START_REF] Durand | Mass-velocity and size-velocity distributions of ejecta cloud from shock-loaded tin surface using atomistic simulations[END_REF][START_REF] Durand | Comparative simulations of microjetting using atomistic and continuous approaches in the presence of viscosity and surface tension[END_REF]. As can be seen in Fig. 15, the initial appearance of the microsheet of ejecta is very different for a U-shaped groove compared to a V-shaped one. Indeed, it looks like a thick jet tip with a bolster shape followed by a network of very thick filaments with random orientations. This is in very good agreement with the results of both MD and DNS calculations, which show similar initial structures for the microsheet resulting from a sinusoidal shaped groove (see Fig. 7 and Fig. 8 in reference [START_REF] Durand | Comparative simulations of microjetting using atomistic and continuous approaches in the presence of viscosity and surface tension[END_REF]). Despite the difference in spatial and temporal scales at which they are observed (nanometer and picosecond scales for MD and DNS simulations in reference [START_REF] Durand | Comparative simulations of microjetting using atomistic and continuous approaches in the presence of viscosity and surface tension[END_REF], and micrometer and nanosecond scales in our experiments), the similarities of the structures observed in both the simulations and the experiments suggest that the sheet fragmentation is driven in both cases by a process that fundamentally has the same property: the random nucleation of holes and the existence of a critical fragmentation thickness. Nevertheless, although the nucleation seed of the holes is also random in our case, its amplitude is quite different. In MD simulations, the nucleation centers originate from the surface fluctuations of the sheet, and these fluctuations of the order of 5-6 Å in amplitude, depend on the surface tension of the metal [START_REF] Durand | Investigation of the static and dynamic fragmentation of metallic liquid sheets induced by random surface fluctuations[END_REF][START_REF] Filippini | Communication: Slab thickness dependence of the surface tension: Toward a criterion of liquid sheets stability[END_REF].

The holes appear when the sheet thickness reaches a value of typically 2 nm, and as a consequence, the ligaments in the plane of the sheet are of several tens of nanometers in length. In our experiments, the length of the ligaments 280 is typically within the range of several hundreds of micrometers. Therefore, the fragmentation must certainly be driven by nucleation centers that originate from fluctuations of much greater amplitude. The fluctuations could be caused, for instance, by the presence of impurities or interfaces between melted and nonmelted, or partially melted zones randomly distributed in the sheet [START_REF] Durand | Modeling from molecular dynamics simulations of ejecta production induced by shock-loaded metallic surfaces[END_REF]. The differences in the initial shape of the microsheet, observed for different shapes of the initial groove, seem to originate from different kind of shock waves interacting with the groove. Indeed, for a U-shaped groove, everything happens as if the shock was planar, and as a consequence, the bottom of the defaults is submitted to a homogeneous deformation. This leads to the ejection of a smooth jet tip having the shape of a curved bolster. Moreover, by comparing Fig. 13 and Fig. 15, one can see that for a similar shock loading, it takes more time to reach a same sheet extension in the case of the U-shaped groove. On the contrary, for a V-shaped groove, the bottom of the defaults is submitted to a 2D shock wave which results in the generation of 2D instabilities all along the bottom line [START_REF] Buttler | Unstable richtmyermeshkov growth of solid and liquid metals in vacuum[END_REF]. The growth of these instabilities then leads to the creation of the array of quasi-parallel spikes seen in Fig. 13. These differences are compatible with those observed by Monfared et al. [START_REF] Monfared | Experimental observations on the links between surface perturbation parameters and shock-induced mass ejection[END_REF], who showed that right triangular perturbations eject more mass than an isosceles perturbation of similar depth and wavelength, demonstrating that masses ejected from irregular shaped perturbations cannot be normalized to the cross-sectional areas of the perturbations in terms of ejected mass. Both MD and DNS calculations are underway to explain and illustrate these differences in more detail.

Conclusion

A high resolution picosecond laser imaging diagnostic has been developed 305 for making high-resolution spatial measurements of ejecta particles moving at high velocities (a few km/s). Preliminary results obtained with both visible (532 nm) and UV (355 nm) lighting were presented for laser shock-driven ejecta experiments performed on 100 µm thick Sn targets, with vertical grooves of dif-ferent shape in their free surface. A comparison with ns laser imaging performed in similar conditions highlights the necessity of sub-nanosecond lighting if one wants to capture the movement of the fastest ejecta with typical velocities of a few km.s -1 without any motion blur. The microsheet breakup process observed with both visible and ultraviolet lighting is in good agreement with the three stages breakup process first evidenced by Sorenson et al. at LANL [START_REF] Sorenson | Ejecta particle size measurements from the break-up of micro-jets in vacuum and helium gas using ultraviolet in-line fraunhofer holography[END_REF][START_REF] Sorenson | Measurements of sn ejecta particle-size distributions using ultraviolet inline fraunhofer holography[END_REF], using ultraviolet inline Fraunhofer holography, and also observed in MD simulations [START_REF] Durand | Large-scale molecular dynamics study of jet breakup and ejecta production from shock-loaded copper with a hybrid method[END_REF][START_REF] Durand | Power law and exponential ejecta size distributions from the dynamic fragmentation of shock-loaded cu and sn metals under melt conditions[END_REF][START_REF] Durand | Mass-velocity and size-velocity distributions of ejecta cloud from shock-loaded tin surface using atomistic simulations[END_REF][START_REF] Durand | Comparative simulations of microjetting using atomistic and continuous approaches in the presence of viscosity and surface tension[END_REF]. However, differences in the initial appearance of the microsheet of ejecta are observed depending on the shape of the groove which is machined at the free surface of the sample. These differences seem to originate from different kind of shock waves interacting with the groove depending on its original shape. New improvements of our setup are under way in order to better characterize the ejecta sheet breakup process.

Figure 1 :

 1 Figure 1: Three-dimensional views from digital microscopy of a V-shaped groove (left) and from digital optical profilometry for a U-shaped groove (right) engraved in the surface of tin samples, with depths of ∼ 40 µm.

Figure 2 :

 2 Figure 2: Scheme of our experimental setup.

Figure 3 :

 3 Figure 3: Comparison of the transverse lighting scheme used in our experimental setup (right) with an indirect lighting scheme (left).

Figure 4 :

 4 Figure 4: Images of the smallest details of the 1951 USAF Resolution Test Targets (red square on the left pictures) obtained with two different imaging systems (Mitutoyo objective on the top right pictures, and afocal system on the bottom right pictures) at different distances from the best focus position.

Figure 5 :

 5 Figure 5: Scheme of our nanosecond laser imaging experimental setup operating at 532 nm wavelength.

Fig. 6

 6 Fig. 6 presents a typical sequence composed of high-resolution shadowgraphs recorded behind a 100 m-thick Sn sample subjected to a 25 GPa laser shock,
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Figure 6 :

 6 Figure 6: Sequence of six high-resolution shadowgraphs recorded behind a 100 m thick Sn targets, with a vertical triangular groove of 45 • half-angle in its free surface. A 25 GPa laser shock is applied at time t 0 onto a 430 µm diameter spot on the front surface (to the left, not shown). Its reflection from the groove generates a microsheet of ejecta moving at high velocity ( 1500 m/s) from left to right. The six images originate from distinct experiments, and were recorded at different delays from t 0 , using a 4 ns FWHM duration laser pulse at 532 nm wavelength. The free-surface, shown on the top left image, is just to the left of all the other images, and the horizontal axis is the position above the static free-surface. The whole field of view of each image is 615 µm × 615 µm, and their resolution reaches 300 nm/pixel.

Figure 7 :

 7 Figure 7: Crops of the central portion of the images of Fig. 6 displayed in false colors. The images are re-aligned to start at the same initial position.

Figure 8 :

 8 Figure 8: Scheme of our picosecond laser imaging experimental setup operating at either 532 nm or 355 nm wavelength without beam smoothing.

Fig. 9

 9 Fig. 9 presents a typical sequence composed of three high-resolution shadowgraphs recorded behind a 100 m-thick Sn sample subjected to a 38 GPa laser shock, showing the microsheet ejected from a triangular groove of 45 • half-angle at successive times after the laser shot (200, 300 and 400 ns). In this case, the lighting laser wavelength was 532 nm.

Figure 9 :

 9 Figure 9: Sequence of three high-resolution shadowgraphs recorded behind a 100 µm thick Sn targets, with a vertical triangular groove of 45 • half-angle in its free surface. A 38 GPa laser shock is applied at time t 0 onto a 430 µm diameter spot on the front surface (to the left, not shown). Its reflection from the groove generates a microsheet of ejecta moving at high velocity from left to right. The three images originate from distinct experiments, and were recorded at different delays from t 0 , using a 100 ps FWHM duration laser pulse at 532 nm wavelength: 200 ns (left), 300 ns (center), and 400 ns (right) delay respectively. The free-surface is just to the left of the images, and the horizontal axis is the position above the static free-surface. The whole field of view of each image is 471 µm × 471 µm and their resolution is 230 nm/pixel.

Figure 10 :

 10 Figure 10: Sequence of three high-resolution shadowgraphs recorded behind a 100 µm thick Sn targets, with a vertical triangular groove of 45 • half-angle in its free surface. A 38 GPa laser shock is applied at time t 0 onto a 430 µm diameter spot on the front surface (to the left, not shown). Its reflection from the groove generates a microsheet of ejecta moving at high velocity from left to right. The three images originate from distinct experiments, and were recorded at different delays from t 0 , using a 100 ps FWHM duration laser pulse at 355 nm wavelength: 200 ns (left), 300 ns (center), and 400 ns (right) delay respectively. The free-surface is just to the left of the images, and the horizontal axis is the position above the static free-surface. The whole field of view of each image is 532 µm × 532 µm and their resolution is 260 nm/pixel.

Figure 11 :

 11 Figure 11: Comparison of smoothed images of a 50 µm diameter wire recorded with a 355 nm lighting wavelength using different optical fibers. The bottom right figure compares the pixels distributions in the three images.

Fig. 15

 15 Fig. 15 presents another sequence of high-resolution shadowgraphs recorded behind a 100 m-thick Sn sample subjected to a 25 GPa laser shock, showing the microsheet ejected from a U-shaped groove at six successive times after the laser shot (from 200 to 450 ns). A direct comparison of Fig. 15 and Fig. 13 thus allows highlighting the differences in the physical mechanism underlying the microsheet breakup with different geometries of defaults.

Figure 12 :

 12 Figure 12: Scheme of our picosecond laser imaging experimental setup operating at 355 nm wavelength with beam smoothing.

Figure 13 :

 13 Figure 13: Sequence of six high-resolution shadowgraphs recorded behind a 100 m thick Sn targets, with a vertical triangular groove of 45 • half-angle in its free surface. A 25 GPa laser shock is applied at time t 0 onto a 430 µm diameter spot on the front surface (to the left, not shown). Its reflection from the groove generates a microsheet of ejecta moving at high velocity ( 1500 m/s) from left to right. The six images originate from distinct experiments, and were recorded at different delays from t 0 , using a 100 ps FWHM duration laser pulse at 355 nm wavelength. The free-surface, shown on the top left image, is just to the left of all the other images, and the horizontal axis is the position above the static free-surface. The whole field of view of each image is 532 µm × 532 µm and their resolution is 260 nm/pixel.

Figure 14 :

 14 Figure 14: Crops of the central portion of the images of Fig. 13 displayed in false colors. The images are re-aligned to start at the same initial position. The numbers 1 to 3 refer to the three different stages of breakup.

Figure 15 :

 15 Figure 15: Sequence of six high-resolution shadowgraphs recorded behind a 100 m thick Sn targets, with a vertical U-shaped groove in its free surface. A 25 GPa laser shock is applied at time t 0 onto a 430 µm diameter spot on the front surface (to the left, not shown). Its reflection from the groove generates a microsheet of ejecta moving at high velocity ( 1500 m/s) from left to right. The six images originate from distinct experiments, and were recorded at different delays from t 0 , using a 100 ps FWHM duration laser pulse at 355 nm wavelength. The free-surface, shown on the top left image, is just to the left of all the other images, and the horizontal axis is the position above the static free-surface. The whole field of view of each image is 532 µm × 532 µm and their resolution is 260 nm/pixel.