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DIMOHA is a many-particle time domain model for traveling wave tube simulations, previously presented at IVEC conferences. We apply this model to study the effects of defects and reflections in the slow wave structure. A ripple effect in saturated RF power and phase shift is observed and compared to measurements.

INTRODUCTION

As traveling waves tubes (TWTs) continue to move towards higher powers and frequencies, stability remains a key issue in their conception. Indeed, while the different features of the slow-wave structure (SWS), such as taper profile and severs, are optimised to maximise the gain, they all introduce discontinuities in the delay line and thus reflections [START_REF] Antonsen | Stability of traveling-wave amplifiers with reflections[END_REF][START_REF] Birtel | Simulation of multi-reflections in a helix-type TWT[END_REF]. Defects and flawed output adaptation are also an obvious source of reflections, and while a good adaptation at the exit is a prime criterion in manufacturing, TWTs are not adapted for harmonics which are not negligible especially at the lower frequencies. The presence of the beam modes might also give rise to reflections otherwise absent in the cold case [START_REF] Wallander | Reflexions and gain ripple in TWT's[END_REF], which might in turn deteriorate the adaptation, especially for large signals. Moreover, measuring and characterising the effects of multi-reflections along the delay line of a TWT can be challenging as, more often than not, we only have access to the RF field at the output. Thus, simulating reflections and defects in a TWT is necessary. In the present work, we investigate multi-reflections in a TWT, using a time-domain many-particle model, DI-MOHA. In particular, we study the ripple in power gain and phase shift in respect to the drive frequency, when a reflective defect is added at the exit of the SWS. The section between the sever's end and the defect acts as a cavity where the radiofrequency (RF) power is reflected back and forth, giving rise to the ripple pattern, whose amplitude and period depend on the length of the cavity and the driving frequencies.

METHOD

DIMOHA is a 1-D specialized model in time domain and large-signal regime, based on an N -body (a.k.a. many-body) Hamiltonian description. This symplectic algorithm [START_REF] Minenna | Time simulation of the nonlinear wave{particle interaction in meters-long traveling-wave tubes[END_REF] is written in modern Fortran and parallelized with the Message Passing Interface (MPI) libraries. The large number of degrees of freedom usually involved with manyparticle models is compensated by our model for electromagnetic fields. This so-called discrete model enables DI-MOHA to be much faster than PIC codes : electromagnetic fields are decomposed on space cells of the size of the helix pitch, where each cell is coupled to its neighboring cells with local coupling coefficients, similar to a harmonic oscillators chain. While this decomposition is exact for ideal periodic structures, the locality of its shape functions provides flexibility, so that DIMOHA can support tapered slow wave structures and has been tested and validated for a large range of industrial TWTs of different geometries and types [START_REF] André | Proc. 21st Intl. Vac. Electron. Conf. (IVEC)[END_REF]6]. It is precisely this spatial locality that allows DIMOHA to support local defects. While there are many ways to include reflecting defects in DIMOHA, the simplest one is to choose the cell in which to add our defect, and change its self-coupling coefficient in order to reproduce the cold standing wave ratio that we seek. If the reflection dependence to frequency is complicated however, a more intricate modification of several coupling coefficient is to be performed.

VALIDATION

We use DIMOHA to simulate the saturated electromagnetic power along the delay line in a defectuous industrial TWT containing a sever, and a standing wave ratio SWR=2. In Fig. 1, we compare our simulation (in blue) to measurements made at Thales Vélizy on a similar defectuous TWT. In both measurements and simulations, we observe a strong ripple in the saturated RF power, with similar amplitude and period. A similar ripple is observed in the phase shift. In addition, we simulated [START_REF] Aliane | Many-Particle Models and Short-Pulse Amplification in Traveling Wave Tubes[END_REF] an experimental traveling wave tube [START_REF] Singh | Experimental investigation of TWT nonlinearities and distortion suppression by signal injection[END_REF], equipped with several probes along the wave guide, granting access to the RF power at different positions. DIMOHA simulations hint that the measurements are compatible with a standing wave pattern, caused by an imperfect adaptation at the exit (Fig. 2). Short pulse simulations on the same TWT also emphasize the reflections induced by the sever (Fig. 3), otherwise difficult to observe on sinusoidal waves.

CONCLUSION

DIMOHA is a robust model for simulating wave-beam interaction in traveling wave tubes, that has been previously tested on several tapered industrial TWT, as well as a metric highly non linear TWT [START_REF] Kh | Intl.Vac Electron. Conf. (IVEC)[END_REF]. In addition, DIMOHA proves to be a good candidate for defects and multi-reflections simulations, and thus might be used in the future for broader stability analysis, including backward waves and band edge oscillations.
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 1 Figure 1. Saturated RF output power as a function of frequency. The blue and red points are DIMOHA simulations of the same TWT, with and without a defect respectively. The green points are measurements made on a similar TWT that accidentally operates on a defecting load with VSWR around 2.
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 2 Figure 2. RF power amplification along the SWS versus position for f = 3 GHz in the XWING TWT. DIMOHA simulations transient (plain green line) and steady state (dashed blue line), measurements in black dots.