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We presented at the 2013 and 2015 IVEC conferences a new discrete model for the traveling wave tube (TWT) as an alternative to PIC and frequency algorithms. Since then, we upgraded the model to consider hamiltonian aspects of the dynamics (better ensuring physical conservation laws). We also provide a new formulation for the electromagnetic momentum and power in tubes, offering further opportunities to characterize wave-electrons interactions.

I. INTRODUCTION

The wave output power (along with its ratio to the electric power used by the device) is a major industrial criterion for traveling wave tube (TWT) design, especially considering satellite payload for space systems. A recent hamiltonian approach [START_REF] André | Hamiltonian description of self-consistent wave-particle dynamics in a periodic structure[END_REF], [2] provides a new insight to the electromagnetic power.

Besides, rigorous simulations of the electrons distribution are needed to design depressed collectors in amplification devices (such as TWTs, klystrons, gyrotrons, free electron lasers).

Optimizing TWTs requires high accuracy codes reaching regimes where the electron dynamics suffers significant perturbations (trapping, chaos). In order to model those perturbations, and to observe wave oscillations and electron distribution functions, we settle for a time domain model. Numerical simulation is difficult to implement because the number of parameters exceeds the available computing power. Our project aims at building a fast and accurate algorithm to complement particle-in-cell (PIC) schemes and specialized frequency models.

II. CURRENT MODELS

Time simulations often rely on PIC codes (like e.g. CSTparticle, NEPTUNE and MAFIA), which are too slow (hours on supercomputers) for design activities, forcing industrials to rely on specialized frequency models (like MVTRAD, CHRIS-TINE, . . . ). These models are industrial standard but, based on our experience, sometimes fail to accurately predict the TWT performances (predicting oscillation phenomena, especially for electron velocity modulations, is difficult with frequency models). One reason for these discrepancies may be their not being fully consistent with Maxwell equations [3]- [START_REF] André | First comparison of new TWT discrete model with existing models[END_REF].

III. A DISCRETE HAMILTONIAN MODEL, POWER AND

MOMENTUM

To increase rapidity (to the order of seconds for a small PC configuration) and accuracy of numerical simulations (contrasting with PIC and frequency codes), we choose an approach deriving from the hamiltonian formalism and from a field decomposition [START_REF] André | Hamiltonian description of self-consistent wave-particle dynamics in a periodic structure[END_REF], [START_REF] André | First comparison of new TWT discrete model with existing models[END_REF], [START_REF] André | Hamiltonian description of the electron and its radiated field in a periodic structure[END_REF]. This approach ensures physical conservation laws [START_REF] Hairer | Geometric Numerical Integration[END_REF], enables a drastic reduction of the number of evolving variables and leads to a compact time incrementation algorithm (for example, our simulations use hundred degrees of freedom to represent the electromagnetic waves, where PIC codes employ millions).

The radiofrequency (RF) field momentum density along the TWT is expressed from the flux of the Poynting vector, and provides a new way to formulate the electromagnetic power [2], [START_REF] Minenna | [END_REF], differing from the traditional envelope approximation used in frequency models, as well as way to formulate the conserved electron-wave momentum of the system.

IV. TWT SIMULATIONS

In our current algorithm DIMO, cold fields are implemented using one-dimension eigenfunctions for the electric field depending only on experimentally known data (dispersion diagram, tube geometry, impedances). We solved an eigenfunctions normalization issue [START_REF] André | First comparison of new TWT discrete model with existing models[END_REF]. The electron evolution takes space charge into account. With our algorithm DIMO, we can also plot the distribution function of electrons in the z direction of the tube. Figures 1 and2 are plotted from the same initial conditions.

Figure 1 displays the RF electric field and the electron velocity relative change v(z, t)/v 0 -1 (arbitrary scales) in one dimension z at a typical time t during operation for an industrial TWT. Note the significant deceleration of the electrons observed near the tube collector to the right. Figure 2 shows the electromagnetic power along this TWT, computed both with our momentum density (Poynting flux) and from a Fourier analysis (black) as done in frequency models.

Oscillations, reflections and multitone operation are currently investigated. We are also working on two-and threedimensional versions of the model to provide a complete electron velocity and position distribution.
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 1 Fig. 1. Electric field (red) and electron velocity relative variation (black, with arbitrary scales), along the TWT z axis.

Fig. 2 .

 2 Fig.2. RF power computed from the envelope approximation (black) and from the Poynting flux on the hamiltonian-based model (blue and red). The blue curve is plotted at t and the red curve is plotted at t + T period /3 (viz. with a third-period phase shift) along the TWT axis. The depletion at the center is caused by an attenuator.