Abstract-The simulation of charge collection in solid state detectors (SSD) can be carried out with TCAD or Shockley-Ramo paradigms. These two paradigms have their limitations when simulating a large variety of cases, spanning from types of radiation, energy ranges, substrate doping concentration and applied bias. The aim of this paper is to explore the limits of these tools for the energy ranges of protons and electrons of the Earth's radiation belts, as well as establish a benchmark of the different simulation codes that implement these paradigms. Proton, electron and alpha irradiation are carried out using a fast current amplifier and several different diodes. A 1D TCAD code has been developed and is presented here. Comparisons are then made with the other calculation paradigms for different types of irradiation conditions and diodes, showcasing which codes work best for the different configurations.
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I. INTRODUCTION

P ASSIVATED Implanted Planar Silicon (PIPS) detectors are used in the nuclear industry for alpha spectroscopy and in experimental particle physics to determine heavy ion fission fragment isotopes [START_REF] Le Neindre | Comparison of charged particle identification using pulse shape discrimination and dE-E methods between front and rear side injection in silicon detectors[END_REF]. Additionally they are used for several space applications for in-situ measurements of the Earth's radiation belts, [START_REF] Boscher | In Flight Measurements of Radiation Environment on Board the French Satellite JASON-2[END_REF], [START_REF] Caron | In-flight measurements of radiation environment observed by eutelsat 7c (electric orbit raising satellite)[END_REF] which are composed mainly of electrons (100 keV -10 M eV ) and protons (10 M eV -500 M eV ). In turn, these measurements feed numerical models of the Earth's radiation belts such as GREEN [START_REF] Sicard | GREEN: the new Global Radiation Earth ENvironment model (beta version)[END_REF] and Salammbô [START_REF] Dahmen | Développement d'un nouveau coeur numérique pour le code de calcul Salammbô de modélisation des ceintures de radiation terrestres[END_REF]. These detectors function as p-n junctions and are generally composed of n-type silicon substrates that can be fully depleted in reverse-bias, creating a large space charge region. This region is sensitive to ionizing energy deposits such as those created by high-energy particles. This ionizing energy deposit creates electron/hole pairs in the medium, which drift towards the polarized electrodes of the detector, along the electric field lines. Their collection results in a short current pulse in the subsequent electronics.

Most acquisition chains use charge-sensitive amplifiers which integrate the current pulse with long time constants; this signal is then fed to an MCA (multi-channel analyzer) to obtain energy spectrums of the incident particles [START_REF] Boscher | In Flight Measurements of Radiation Environment on Board the French Satellite JASON-2[END_REF]. However, it is commonly accepted that the entire current pulse shape Maxime Pinson and Pablo Caron are with the Department of Physics, Instrumentation, Environment and Space (DPHY), Office National d'Etudes et de Recherches Aérospatiales (ONERA), 31055 Toulouse, France (e-mail: maxime.pinson@onera.fr; pablo.caron@onera.fr).

contains information regarding the nature of the particle [START_REF] Le Neindre | Comparison of charged particle identification using pulse shape discrimination and dE-E methods between front and rear side injection in silicon detectors[END_REF], [START_REF] Mutterer | Breakthrough in pulse-shape based particle identification with silicon detectors[END_REF], [START_REF] Pausch | Particle identification in solidstate by means of pulse-shape analysis -results of computer simulations[END_REF] and [START_REF] Flores | Application of neural networks to digital pulse shape analysis for an array of silicon strip detectors[END_REF].

Using high gain and high bandwidth equipment, notably a current amplifier rather than a charge amplifier, it is possible to obtain current pulses shapes with good precision in silicon SSDs [START_REF]Kramberger in Advanced Transient Current Technique Systems[END_REF].

In the past, efforts have been made to simulate current pulses in solid state detectors using the Shockley-Ramo theorem. This approach uses a static electric field to calculate the current induced in the electrodes by moving charges in the detector ( [START_REF] Shockley | Currents to Conductors Induced by a Moving Point Charge[END_REF] , [START_REF] Ramo | Currents Induced by Electron Motion[END_REF] ) and has been calculated in several configurations in silicon diodes [START_REF] Hamrita | Charge and current-sensitive preamplifiers for pulse shape discrimination techniques with silicon detectors[END_REF].

In some configurations, the high density of charges along the particle track can breakdown the electric field in the detector, effectively shielding the electron/hole pairs from the surrounding electric field. This prevents the charges from being extracted and is often referred to as the plasma delay effect. Simulations that use the Shockley-Ramo approach have to add this dependence to accurately represent the current pulses [START_REF] Pârlog | Description of current pulses induced by heavy ions in silicon detectors[END_REF]. This can be done using a decay law which slows down the dissociation of charge carriers along the particle track. This adds three parameters that can then be fitted for a specific irradiation and diode setup.

In complete 1D or 2D simulations, which don't use the Shockley-Ramo theorem, the plasma delay effect can be taken into account as a transverse ambipolar diffusion coefficient ( [START_REF] Taroni | Plasma effects and charge collection time in solid state detectors[END_REF], [START_REF] Leroy | Study of charge transport in non-irradiated and irradiated silicon detectors[END_REF]), which guides the transverse flow of charge carriers from inside the particle track to the outside. This approach has the advantage of not adding as many free parameters to the simulation, and more importantly the remaining free parameters are fixed once for each diode. The effect of the plasma delay on the pulse shape will mainly depend on the Linear Energy Transfer (LET) of the particle, as well as the electric field in the detector.

The necessity of taking into account the high density of charge carriers in certain configurations (using a decay law or ambipolar diffusion) stems from the fact that the simulations are reduced to 1D or 2D simulations. In more complete simulations using 3-dimensional Technology Computer Aided Design (TCAD) tools, this plasma delay effect is already taken into account. These types of tools have the disadvantage of requiring very long calculation times, but on the other hand, there are no free parameters related to the calculation method of the plasma delay effect.

For heavy ions, the initial energy deposits (in the form of electron/hole pairs) can be injected into the simulation using the SRIM (Stopping Range of Ions in Matter) package [START_REF] Ziegler | SRIM-2003[END_REF] which calculates stopping powers in various materials, including silicon. Another method to inject charges is by using Monte-Carlo frameworks such as GEANT4 (GEometry ANd Tracking 4) [START_REF] Agostinelli | Geant4-a simulation toolkit[END_REF], [START_REF] Allison | Geant4 developments and applications[END_REF] and [START_REF] Allison | Recent developments in Geant4[END_REF] which allows for individual particle tracks, which is especially interesting to capture the diversity of electron pulse shapes.

The goal of this paper is to establish a benchmark of the different tools and their performances for the entire range of cases (protons, electrons, diodes depths and polarization, ...) which will yield the combination of numerical tools that are necessary to accurately simulating α, proton and electron current responses in PIPS detectors. To carry out this benchmark, tools from each of the paradigms are studied and will be presented hereafter : Synopsys Sentaurus for the TCAD code which is proprietary and Garfield ++ [START_REF] Bychkov | Realistic simulation of the mpd time projection chamber with garfield++ software[END_REF] for the pure Shockley-Ramo approach. In addition, a new 1D TCAD code running on MATLAB and Octave which takes into account ambipolar diffusion will be detailed here.

The TCAD and Shockley-Ramo paradigms show their limits based on the type and energy of the incident particles but also on the type of detector and the applied bias. A careful study is needed to precisely define the validity limits of each tool.

Using radioactive sources (α and electron sources) or particles accelerators (protons) as well as a large bandwidth acquisition chain, pulse shape measurements of individual particles can be made on sub-nanosecond time scales to confront the different simulation tools.

II. EXPERIMENTAL SETUP A. Silicon diodes used

The PIPS diodes used in this paper are detectors manufactured by Canberra and Micron with depths of 300 µm, 500 µm or 1000 µm and active areas ranging from 50mm 2 to 100mm 2 . These diodes provide good energy resolution as to enable particle identification and dE/dx measurements. The diodes are used in reverse-bias mode, from 35 to 220 V depending on the depth and doping of the diode. They are always used in fully or over-depleted mode, meaning the applied voltage is always above the full depletion voltage. Both sides of the detector can be irradiated, one being better suited for particle identification [START_REF] Mutterer | Breakthrough in pulse-shape based particle identification with silicon detectors[END_REF].

B. Acquisition chain

To accurately capture the current pulses associated to the different particles, it is important to have an amplifier with a large bandwidth, since the measured pulses have a duration of several tens of nanoseconds. Furthermore, high gain is also necessary to overcome the small amplitudes of the pulses (a few µA). To meet these two fundamental requirements, the amplifier AM-02-A from Particulars [START_REF]Particulars, advanced measurement systems current amplifier am-02-a[END_REF] was used, it has a bandwidth of 3 GHz and a gain of 53 dB. In addition, a bias-T from Particulars was used to polarize the diode in reverse bias with DC voltage. The output of the silicon diode is fed to a high bandwidth (8 GHz) oscilloscope. The elements closest to the diode were placed in an aluminum box as to reduce electronic perturbations, largely due to the amplifier, to a minimum. The noise at the oscilloscope output was measured to be between 60 mV and 75 mV , which is equivalent to 2 -3 µA current noise at the diode level. 
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C. Measurements

The pulse measurements were carried out in two locations. Firstly, the alpha measurements took place in the CIRIL (Chambre d'Irradiation d'Ions Lourds) chamber at ONERA Toulouse which can create a relative vacuum (1 mbar). Radioactive sources can be placed inside the vacuum along with the experimental setup. Those used during the irradiation were the 241 Am source which is an α emitter at 5.48 M eV . The source was placed as close as possible to minimize energy loss in the residual air of the chamber. The second irradiation location was at the UCL (Université Catholique de Louvain) cyclotron in Louvain Belgium, which delivers 62 M eV protons. The facilities allow for lower energy protons down to 10 M eV using multiple degraders. In both cases the current pulses were recorded with the 50 Ω output on the oscilloscope using a simple rising edge trigger set as low as the noise would allow and by using the auto-save function of the scope. The files can then be written to a text file for data analysis.

In order to be able to compare these measurements to the simulation outputs, a good knowledge of the acquisition chain is necessary as to take into account the effect of this chain on the pulse shape, which is far from negligible. These measurements included S matrix measurements and C(V ) characteristics of the diode. The former is useful in determining the exact gain and bandwidth of the amplifier, and the latter enables a measurement of the diode capacitance, which acts as a low-pass filter in itself.

III. SIMULATION METHODS AND COMPARISON

A. Ionizing charge deposition modeling

The first link in the simulation chain involves the use of a Monte-Carlo based code such as the GEANT4 toolkit [START_REF] Agostinelli | Geant4-a simulation toolkit[END_REF], which enables the calculation of subatomic particle tracks and energy deposits in matter. By using this toolkit, one can extract the energy deposit map in the silicon diode, which is then fed to the electrical simulation of the PIPS detectors behavior. Depending on the type of particle studied, a Monte-Carlo approach is more or less crucial. Indeed, electrons exhibit much more variable tracks from one particle to another, whereas protons and α particles tend to have very similar rectilinear tracks. In the latter case, one can overcome the use of Monte-Carlo techniques by using simpler tools such as SRIM [START_REF] Ziegler | SRIM-2003[END_REF], which calculates the stopping power and ranges of ions in different materials, including silicon.

B. Mathematical formulation

In order to simulate the complete behavior of the silicon diode under irradiation, a set of five equations must be solved:

∂n ∂t = 1 q ∇J n -R n (1) 
∂p ∂t = 1 q ∇J p -R p (2) 
∇ • ϵ 0 ϵ r ∇V = -(p -n + N + D -N - A ) (3) 
J n = qnµ n E(x, t) + qD n dn dx (4) 
J p = qpµ p E(x, t) -qD p dp dx (5) 
where

• n and p denote the electron and hole density respectively • J n and J p represent the current density of electrons and holes respectively • R n and R p represent the transverse outflow term of electrons and holes used in the 1D TCAD code • V is the electrostatic potential • ϵ 0 ϵ r is the permittivity of the medium • N + D is the density of donor sites • N - A is the density of acceptor sites • D n and D p represent the diffusion coefficient for electrons and holes respectively • µ n and µ p represent the mobility of electrons and holes resepctively Equations ( 1), (2) are the continuity equations for electrons and holes, (3) is Poisson's equation for the electric field, and (4), ( 5) are the drift-diffusion equations. The Shockley-Ramo numerical approach consists of solving only the equations relative to the drift-diffusion ((4), ( 5)) in a static electric field. The initial energy deposits are treated as electron/hole pairs and are drifted individually until collection using the Shockley-Ramo theorem. This approach is implemented by the Garfield ++ toolkit [START_REF] Bychkov | Realistic simulation of the mpd time projection chamber with garfield++ software[END_REF], developed at CERN (Conseil européen pour la recherche nucléaire), as well as Hamrita et al. [START_REF] Hamrita | Charge and current-sensitive preamplifiers for pulse shape discrimination techniques with silicon detectors[END_REF].

Other models are not limited to purely Shockley-Ramo simulations and are somewhat enhanced to better depict certain configurations (especially for high LET particles). To take into account the screening of the charge carriers from the electric field that occurs at high densities, the model developed in [START_REF] Pârlog | Description of current pulses induced by heavy ions in silicon detectors[END_REF] uses an exponential decay law, governing the rate at which the extraction of the charge carriers occurs and thus slowing down the current pulse shape. Two other free parameters (a threshold value below which all charges are released instantly, and a correction factor for the permittivity in the particle track) are used in this model and are fitted to experimental current pulses.

The 1D TCAD code developed here solves the full set of equations (1) to [START_REF] Dahmen | Développement d'un nouveau coeur numérique pour le code de calcul Salammbô de modélisation des ceintures de radiation terrestres[END_REF] which means that the time dependence of the electric field is taken into account, and thus varies at each time step. However, being a 1D simulation, ambipolar diffusion occurring on the radial axis of the particle track is not taken into account and must subsequently be added. To this end, the terms R n and R p are added in the continuity equations for electrons and holes (1), ( 2) and correpsond to the same quantity described by Taroni et al. [START_REF] Taroni | Plasma effects and charge collection time in solid state detectors[END_REF]; the particle track is modeled as having a radius r(t) that grows with time such that:

r 2 (t) = 2R 2 t D a t + r 2 0 ( 6 
)
D a = 2D p D n D n + D p (7) 
where

• R t is a constant dependent only on the diode characteristics • D a is the transverse ambipolar diffusion coefficient • r 0 is the initial radius of the particle track Lastly, full 3D TCAD simulations using the Synopsys Sentaurus tool allow for a complete resolution of the above set of equations, without having to take into account ambipolar diffusion separately. These types of simulations have the disadvantage of being extremely time consuming, especially for large diodes (1000 µm), which require a larger mesh and are not presented here.

C. Plasma delay effect

Many efforts have been made in the past to describe the plasma delay effect and its dependence on the mass and charge of the incident particle. In Figs. 2 and3, the transversal cuts of the 1D TCAD model show the evolution of the electrical field over time as the charge carriers are extracted from the plasma column and drift to the electrodes, the equilibrium state is shown by the curve at 10 -7 ns, time at which the charge carriers are initialized in the simulation. The modification of the electric field by the moving charges can clearly be seen in both plots, but the screening effect is much larger in the case of the alpha particles, since their LET is higher by a factor of approximately 10. This effectively shields the charge carriers from the external electric field which increases the pulse rise time and accounts for the pulse height defect observed for high LET particles [START_REF] Kanno | Models of formation and erosion of a plasma column in a silicon surface-barrier detector[END_REF], [START_REF] Sosin | Description of the plasma delay effect in silicon detectors[END_REF]. It is important to note that pure Shockley-Ramo approaches fail to replicate the current pulses of high LET particles since the drift of each charge carrier is calculated in the static equilibrium field (in this case the one present at 10 -7 ns), producing a much faster and higher pulse since no screening effect occurs. Efforts such as those made in [START_REF] Pârlog | Description of current pulses induced by heavy ions in silicon detectors[END_REF] have attempted to solve this problem for high LET particles. Fig. 3. Cuts of the electric field in a 300 µm detector irradiated on the rear side by a 5 MeV α particle for 6 different time steps. The particle impinges at 10 -7 ns on the right side of the graph and has a range of 27 µm. Contrarily to Fig. 2, the electric field here is completely canceled out by the particle track, because of the α particle's significantly higher LET.

D. Silicon diode model

Several diode characteristics must be determined before launching simulations : N D , V f d and ρ which are respectively the substrate doping level, the full depletion voltage and the bulk resistivity. Generally, the manufacturers indicate the value of V f d or alternatively ρ. At least two of these quantities are necessary to determine the full set of parameters using the equations :

V f d = d 2 qN D 2ϵ 0 ϵ r (8) N D = 1 ρqµ n0 (9) 
The diodes used in this paper have values of N D between 10 11 cm -3 and 10 12 cm -3 , full depletion voltages between 35 V and 110 V and bulk resistivities between 4700 Ω • cm and 12700 Ω • cm.

The above parameters allow only for the calculation of the intrinsic current pulse shape and must then be passed through an appropriate filter to account for the effects of the diode capacitance, which is the strongest filtering effect, as well as the subsequent electronics chain. Only once the filter has been applied can the pulse shapes be compared to experimental pulses. The calculation of the capacitance requires a 1/C 2 (V ) characteristic. Depending on the manufacturer, these values can vary anywhere between 10 pF to 60 pF . To filter the signals a first order Butterworth filter was used, set to a cutoff frequency f c = 1/(2πRC) where R = 50 Ω and C is the capacitance of the diode in question. This Butterworth filter corresponds to the simplest implementation of a low-pass filter as it contains a flat repsonse below f c and a -20 dB slope above. This allows us to take in to account the most important filtering effect in our chain, which is the diode itself. A similar implementation of this dependance is carried out in [START_REF] Kramberger | Signal development in irradiated silicon detectors[END_REF].

IV. RESULTS AND COMPARISON OF SIMULATION MODELS A. Importance of ambipolar diffusion in current pulse simulations

To showcase how crucial the effect of ambipolar diffusion is, a 100 µm diode is simulated in α irradiation using the Synopsys Sentaurus TCAD tool in 2D and our 1D TCAD code (Fig. 4). By deactivating transverse ambipolar diffusion in our 1D code, the simulation agrees with the Sentaurus code, which doesn't take into account ambipolar diffusion either. However, when ambipolar diffusion is taken into account as described previously, the current pulse is much faster because the charge carriers are evacuated from the low electric field region (as in Fig. 3). This goes to show the importance of taking this effect into account, especially in the case of high LET particles. The simulation paradigm chosen must depend on the particle energy, mass, charge as well as the strength of the electric field in the detector. In some lower LET cases, TCAD resolutions (Synopsys Sentaurus and our 1D TCAD code) are not necessary since ambipolar diffusion will have little to no effect on the current pulse.

B. Alpha comparison

5.4 M eV α particles are particularly interesting since they deposit their energy in a very asymmetrical manner in the depth of the diode. With a track length of approximately 30 µm, the electron/hole pairs are created in the direct vicinity of the irradiated contact, leaving one type of charge carrier (electrons or holes depending on the contact) to drift the entire depth of the diode. Figs. 5,6 show the 1D TCAD and Garfield ++ simulations and experimental comparisons for two different diodes (300 µm, 1000 µm), in two polarization configurations each. It is especially interesting to note that the Garfield ++ simulations fail completely in these configurations, be it the 300 µm (Fig. 6) or 1000 µm (Fig. 5) diode, due to its high LET. This goes to illustrate the plasma delay effect that Shockley-Ramo approaches fail to take into account. However, in the 1000 µm diode (Fig. 5), two different charge collection regimes can be seen clearly. They correspond to the electrons being collected on the irradiated contact (predominant in the first 20 to 25 ns), whereas the holes (which are slower) drift towards the opposite electrode.

C. Proton comparison

Proton irradiations were carried out at UCL (Université Catholique de Louvain), Belgium, where several energies were available. Shown in Fig. 7 are the results of the 10 MeV proton irradiation on the rear side of a 500µm Micron PIPS diode. 10M eV protons have significantly lower LET than the previous α particles. There range is approximately 700 µm in silicon. This means that the energy deposit of the protons is distributed on the entire depth of the detector, leading to a very different behavior than the alpha irradiation. As a consequence, the differences between front and back irradiation are not visible, since the energy deposit is close to symmetrical in the diode depth. During the irradiation, the diode was placed behind a thick piece of aluminum, containing a small hole, ensuring that the protons arrive at close to normal incidence on the diode surface. One notices that good agreement is reached by using the Garfield ++ simulation, meaning that a TCAD resolution (Synopsys Sentaurus or our 1D TCAD code) is not necessary here.

D. Electron comparison

Electron irradiations have the particularity of being very low LET, meaning the plasma delay does not affect charge collection. When comparing the average pulse shapes of electrons taken from Leroy et al. in [START_REF] Leroy | Study of charge transport in non-irradiated and irradiated silicon detectors[END_REF], good agreement is seen with the 1D TCAD code 8), indicating that the Shockley-Ramo theorem is sufficient when dealing with low LET particles. Shockley-Ramo must thus be the preferred simulation paradigm for these types of particles. The main difference between electron and heavy ion particle tracks is the fact that electron tracks are often much more chaotic, meaning that significant errors are made when projecting on to a plane for 2D simulations or an axis for 1D simulations, modifying the resulting current pulse in a much greater way than heavy ion tracks which can be assimilated to straight lines in the diode. 8. The variability between pulses is too great to expect an accurate description using only the averaged pulses shapes (Fig. 8).

A means of getting around this obstacle with 1D codes is to take into account the average energy deposition of the particle [START_REF] Leroy | Study of charge transport in non-irradiated and irradiated silicon detectors[END_REF]. This allows us to consider that the particle track of these 'averaged' electrons is rectilinear. Since the resulting current pulse doesn't correspond to individual electrons, the experimental results they are compared to must also be averaged. Even though the 1D TCAD code yields good agreement when comparing average pulse tracks, Shockley-Ramo simulations need to be preferred when reconstructing individual current pulses as in Fig. 9, which demonstrates that the average current pulse shape of 2 MeV is very different from the individual current pulse shapes.

V. DISCUSSION This paper goes to show the complexity of current pulse simulations in SSDs when dealing with a wide range of particle energies such as those of the Earth's radiation belts. When possible and accurate, Shockley-Ramo codes allow for a fast calculation of current pulse shapes but are only suited for low LET particles. On the other hand, they have the advantage of being 3D compatible, which is especially interesting for individual electron pulse shapes. Lastly, 1D TCAD codes can accurately reproduce current pulse shapes for all LET ranges but are limited to 1D. Experimental comparisons carried out with our test bench as well as 3D TCAD simulations served as validations of our 1D TCAD and Shockley-Ramo codes.

VI. CONCLUSION

We have detailed the multi-tool approach which is necessary to accurately simulate current pulse in silicon detectors. These steps include a Monte-Carlo approach, which allows for the calculation of the ionizing energy deposit, which can then be given as input to a TCAD or a Shockley-Ramo code allowing for the calculation of the current pulse induced by the electron-hole pairs created in the sensitive region. The reigning electric field before ionization can be calculated analytically or via TCAD for complex geometries. Lastly, to allow for comparisons between our simulations and experiments, the effect of the acquisition chain and diode capacitance must be known. A test bench with large bandwidth and high gain was also implemented as to capture the transient current pulses from different particles (electron, proton and α).
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 1 Fig. 1. Schematic of the experimental setup during the different irradiation campaigns, both at UCL and at ONERA in the CIRIL chamber
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 2 Fig.2. Cuts of the electric field in a 300 µm detector irradiated on the rear side by a 7 MeV deuton for 6 different time steps. The particle impinges at 10 -7 ns on the right side of the graph and has a range of 238 µm, one can see the electric field is progressively reduced until 4.55 ns before returning to an equilibrium state.
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 4 Fig. 4. Current pulse shapes from a 5.4 MeV α particle from the 1D TCAD code with and without ambipolar diffusion compared to a 2D Synospys Sentaurus simulation.
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 5 Fig.5. Two current pulses from rear side alpha irradiation with a 241 Am source and the 1D TCAD model predictions with the parameters of the 1000 µm Micron diode for applied voltages of 180 V and 220 V .
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 67 Fig.6. Two experimental current pulses and the corresponding simulations in Garfield ++ and the 1D TCAD code in the same configurations as Fig.5for a 300 µm diode and two different applied voltages.

Fig. 8 .

 8 Fig.8. 1D TCAD and Garfield ++ simulation results of the average pulse shapes for 2 MeV electron irradiations plotted against the experimental results of Leroy et al.[START_REF] Leroy | Study of charge transport in non-irradiated and irradiated silicon detectors[END_REF], showing good agreement between the two codes.

Fig. 9 .

 9 Fig.9. Current pulses from Garfield ++ simulations of 5 individual 2 MeV electrons impinging on a 471 µm diode, with the same parameters as in Fig.8. The variability between pulses is too great to expect an accurate description using only the averaged pulses shapes (Fig.8).
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