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Beam dynamics in the accelerating RF structures of the CTF2 
drive beam simulated with PARMELA particle tracking program

μ. ChanudetCERN PS/RF

I. Introduction

The behavior of the CTF2 drive beam [1] is studied only through the accelerating RF structures of the line. The purpose is to get a better knowledge of the influence of the RF forces on the beam transport and particularly on the transverse dynamics in the HCS accelerating structures. Simulations were realised with the PARMELA program which tracks particles through different RF and magnetic elements in the cartesian coordinates. (The version 4.22 available from LAL [2] was used on UNIX cluster.) AH the beam, RF and magnetic parameters are chosen to approach the operational settings of the CTF2 in 98 and near future (99). Two configurations are reported (see figure 9 and table 2). The first is chosen to describe the Nov 98 experimental layout. In the second one, the second solenoid is replaced by a two cell structure called booster to focuse and accelerate the beam. And a five cell structure called buncher is added after the HCS structures to introduce correlation and more energy gain in the bunches. By this new proposition, improvements of the beam characteristics can be predicted. The CTF2 drive beam is constituted by 48 bunches of IOnC each, with a bunch length of 8ps fwhm and a bunch repetition rate of 2998.55MHz. The average accelerating gradients in the booster, HCS structures and buncher are of 35MV∕m. Space charge and beam loading in RF structures are included in the calculations but not the wakefιeld.First, the inputs used in PARMELA simulations are introduced. The particle distribution at the output of the gun is presented and discussed. The fields in the HCS sections are studied, particularly the fringe fields and standing waves in the couplers. A model of the HCS is deduced and tested for the PARMELA simulations. The data for the other RF and magnetic elements are presented and commented. Then, the two different runs are presented and compared. The influence of the RF forces and some particularities of the transmission are explained.
II. Beam representation at the input of the simulated linesThe PARMELA program generates macro-particles of a bunch in the phase space and then tracks them trough the different elements. Each bunch is simulated separately, but only the lsl, 24,h and 48,h bunches are calculated here because of their order and extreme energies in the train. The object of this paragraph is to precise the main beam characteristics at the input and then to explain how they are transposed in PARMELA input description.The gun4 and solenoid 1 were simulated by Μ. Dehler with MAFIA code for the case of a laser spot of 16mm diameter, a laser phase of 30o, a gun field of 100MV∕m and 48 bunches of 21nC each [3]. In this paper, we use the CTF2 Nov 98 settings which involve only a laser spot of about 1 Imm and bunches of 1OnC. As in this two cases, the charge density on the cathode is the same with 10.5nC∕cm2, the dominating space charge force in the gun is kept constant and the transverse sizes of the bunches can be linearly extrapolated to the new settings. Furthermore, the emittance varies linearly with the bunch charge and thus it must be scaled here by the factor 10nC∕21nC.In PARMELA, the particles are generated in the transverse phase spaces (x, x,) and (y, y,) with a gaussian distribution in the phase space ellipses (see figures La, b, c). The cartesian Coordonates (x, y) are used rather than the cylindrical c∞rdinates (r, θ) with MAFIA. To put the emphasis on the transmission of the external particles rather than the rms values, the same maxima are used between polar and cartesian description. We have here rmax=xmax=ymax and r' max=x' max=y' max-
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In the longitudinal phase space (z, Ekin), the FARMELA particles are distributed uniformly in a phase space ellipse (see figure l.d) rather than in a square to avoid unrealistic particles with t∞ high divergence. The same rms values as in MAFIA code are used with Ztroi=Imm and ∆γπn√γ from 1.3% to 1.7%.Finally, for the Nov 98 configuration, the FARMELA run begins before solenoid 1 so that the magnetic field of the solenoid can be easier adjusted. The source of particles has been located on a virtual cathode IOOmm in front of the solenoid 1 outside of the magnetic field, in order to avoid any emittance blow-up at the source. The beam characteristics at the virtual cathode were chosen so as to reproduce the MAFIA results obtained for gun 4 at the exit of the solenoid 1. For the booster configuration, the FARMELA run begins only at 50mm from the exit of solenoid 1 with MAFIA results. The table 1 recapitulates the input beam data used for the two FARMELA simulations reported in this note.

(a) Real transverse plan (x, y) (b) Horizontal transverse phase space (x, x,)

(c) Vertical transverse phase space (y, y,) (d) Longitudinal phase space (Φ, Eun)

Figure 1: Distribution of the macro-particles generated at the FARMELA input for the first 
bunch at 50mm of the exit of solenoid 1.
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Table 1: Input beam characteristics for the two simulated lines.

Booster run

Exit of solenoid 1

Nov 98 run

Virtual cathode

bunch no 1 24 48 1 24 48

Xmax—Y max mm 9.21 9.56 9.83 3.85 3.99 4.14
X' max—y' max mrad 13.27 11.83 10.11 26.74 28.14 30.38εx=εy mm.mrad 60. 62. 64. 48. 49. 51.∆zrms mm 0.99 1.02 1.05 0.99 1.02 1.05

γ 14.0 13.1 12.1 14.0 13.1 12.1
∆γrms∕γ % 1.3 1.5 1.7 1.3 1.5 1.7

III. Description of the HCS travelling wave structuresOnce the beam input is given, the description of the different elements of the line must be done in PARMELA. In this part, the complex HCS sections (High Charge Structure) [4] are studied to determine a realistic PARMELA model. These structures are travelling wave sections operating on a phase advance of 11π∕12 per cell. They are constituted of input and output couplers with 13 cavities between. Their frequencies are different from the bunch frequency with 3006.36MHz for HCSl and 2998.74MHz for HCS2. Their asynchronous operation and the choice of their RF phase allow to decrease the energy spread of the train induced by the beam loading.First, the fields in the couplers are simulated and commented. A model for a whole HCS section (couplers and cells) is deduced and tested. Then, the introduction in PARMELA of bunch phase and beam loading is discussed.
III. 1 Input and Output couplersOne major difficulty is to know if the HCS coupler fields are of travelling wave type, standing wave type or the superposition of the two types and in witch proportion. To answer this, the fields in the HCS couplers were calculated by the means of 3D HFSS program [5}. To save time, only the two couplers coupled by their axial iris are simulated (see figure 2). The diameter of the cylindrical apertures between wave guide and cavity-coupler was adjusted to obtain both a maximum transmission and a phase advance of 11π∕12 between the couplers at the operating frequency.The amplitude and phase variations of the three field components Ez, Er, Bφ along a path r=5mm are shown on schemas 3.a and b. The Ez and Bφ phases are constant and shifted of 90o all along the cavity-coupler except in the central part of the iris. Thus, this demonstrates the presence of a pure standing wave in the cavity. On the contrary, the small variation of Er phase ∆φ=±7.5o inside the iris indicates that the travelling wave appears only over Icm of the 2cm thick iris. In these conditions, the input and output 1 lπ∕12 HCS couplers can be described in PARMELA program as fully standing wave cavities neglecting the small phase shift in the iris. We can notice that in the case of a mode further away from π, as usual 2π∕3 mode, the travelling wave spreads over all the iris, ∆φ increases to ±30o and the travelling wave becomes relatively more important.
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Figure 2: HFSS mesh of the two HCS couplers. Thanks to the geometrìe and electromagnetic symmetries only the 
upper-left quarter is described with about 6000 tetrahedra. The cylindrical aperture between wave guide and 
cavity has a diameter of about 27mm. The input coupler is filled by a 2 Watt perfectly adapted source and the 

output coupler is terminated by an ideal unreflecting load.

Figure 3: Amplitude (a) and phase (b) variations of the Ei, Et and H9 fields with the axial position z in the two 
HCS couplers on Ilπ∕12 operating mode.
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Finally, to give the shape of the coupler fields to PARMELA, the resonant π mode in the coupler cavity was calculated with SUPERFISH program. The fields are described in a data file readable by PARMELA with a table of Ez, E1 and Bf function of z and r c∞rdinates. This method allows to consider non-linearities in r direction and above all prevents from possible divergence of Fourier series when r increases (if description by Fourier coefficients rather than data file is chosen in PARMELA). The model of Ez along z axis calculated by SUPERFISH is drawn on figure 4. A cut-off tube of 5cm length is included in the coupler geometry to take care of fringe fields which reach 30% of the axial Ez maximum at the end of the cavity where the tube begins (point C).

Figure 4: Module of Ez field on the axis of the HCS cavity-coupler with 5cm cut-off simulated by SUPERFISH.

Hl.2 The HCS sections: cells and couplersAfter the study of the HCS couplers, the description of the whole section in PARMELA is explained and tested. As the section is a travelling wave structure, the 13 cells between the couplers are described by the PARMELA travelling wave model with a 1 lπ∕12 phase shift par cell. The HCSl and HCS2 sections have also different frequencies. Thus, their cavities are simulated with their own frequencies of 3006.36MHz and 2998.74MHz and their cell lengths of 4.570cm and 4.594cm respectively. The attenuation along the travelling wave cells is not introduced cell to cell but the field amplitude of the cavities is uniformly set to the experimental average value.In front of and behind these 13 cells are described the HCS couplers with two standing wave cells as explained before. According to the Ez field variations on axis measured by the “bead pulling” method in the HCS structures [6] [7], the amplitude of the input coupler is set to 1.5 from the average amplitude of the cells, the output coupler amplitude to 0.9. With these choices of magnitude, the experimental over-voltage of the couplers with respect to their neighbour cells is verified and only transformed in reference of the average cell amplitude. Then the phase advance between the coupler and the middle of next cell is set to 165o because of the operating HCS mode 1 lπ∕l2 verified by field measurements.This model of HCS structure is used in PARMELA, and the field seen by a single axial ultra-relativistic electron travelling in phase with the HCSl section is shown on figure 5. We can notice the Ez continuity along the z axis because the transformation between the travelling and standing wave occurs in the iris where field is nearly null.
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To test the HCS model, comparisons of particle trajectories in HCS structure calculated with FARMELA and an other program RFSIM [8] were done. RFSIM written by R. Bossart is a code that resolves numerically the beam envelope equations in different electromagnetic elements and here in a HCS-Iike section with 13 standing waves cells. For example, with both FARMELA and RFSIM, a single electron at γ=14, r=10mm and r,=0 at the input is simulated in the HCS models with an average accelerating gradient of 35MV∕m (no over-voltage is assumed here). Figure 6 shows the compared evolution of the transverse coordinates of the particle. In the two cases, the electron is strongly focused from r=10mm to 2mm. The trajectory differences are not larger than 0.4mm and 0.4mrad at the structure exit. This good agreement and others not presented here confirm the validity of the presented modélisation of the HCS sections in FARMELA.

Figure 5: Ez field seen by an ultra-relativistic particle on RF crest along the HCSJ axis

lll.3 Phase and beam loading of the bunches in HCS sectionsFinally, the introduction of the bunch phase and the beam loading effects in the HCS structure are exposed in the FARMELA context.The HCS frequencies are different of Δf=±7.81MHz from the bunch frequency fb=2998.55MHz. Therefore, the bunch phase in reference of the HCS RF crest moves slowly from the phase of the first bunch Φo to the phase of the n,h bunch Φo+2π(n-l)∆f7fb = Φo±(n-1 )0.94o. If the phase Φo of the first bunch is -60o and +25o respectively for HCSl and HCS2 as in the following simulations, the 24,h bunch will have an increased HCSl phase of-22.5o and a decreased HCS2 phase of-12.5o. For the 48,h bunch, the phase reaches -16o for HCSl and - 19o for HCS2. This calculation has been done assuming that, at the location of the two sections, the bunch repetition is still exactly 2998.55MHz as at the time of the electron generation on the photo-cathode. In fact, from the photo-cathode to the HCS structures, the time spacing between each bunch slightly increases. To consider this phenomena in FARMELA simulations, the phases of HCSl and 2 are first determined to have -60o and +25o at the passage of the first bunch. Then they are kept constant for the other bunches whereas the time of the bunch generation at the input of the FARMELA line is increased by 23 or 47 periods for the 24,h or 48d, bunch respectively.
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Figure 6: Variations of the position (a) and divergence (b) of an uncentred single particle along one HCS-Hke 
structure simulated by both PARMELA and RFSlM program. The RFSIM results are drawn with solid lines for the 

two cases IOmm and 5mm, the PARMELA results are drawn with crosses for the case 10mm.
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With the beam loading in the sections, the energy gain ΔE can be evaluated [9] ( 10] for each bunch and section in function of the HCS frequency, the bunch charge Qb=IOnC and the beam loading factor k∣ = 6.76. IO 3 MV∕nC. For instance, the following expression may be used for the n,h bunch when the modification of the repetition rate in the line is neglected:
It is not possible to introduce directly this value ΔEn in the PARMELA input. But for each bunch n and section, the average accelerating gradient Vavn is given according to the formula Vavn =ΔEn∕L∕cos(Φ0÷2π(n-l)Δf7fb) so that the bunch energy gain calculated in PARMELA reproduces the previous value ΔEn. For HCSl and HCS2, we find respectively the new gradients Vavn equal to 34.8 and 34.9MV∕m for the la bunch, 29.2 and 30.4MV∕m for the 24,h bunch and 26.4 and 26.3MV∕m for the last bunch when the phase of the first bunch Φo is still -60o and +25o of HCS RF crest.
IV. Inputs for the standing wave structures and magnetic elementsAfter the HCS sections, the other more classical components of the PARMELA lines are here quickly introduced.The first and second solenoids are characterised by their constant field Bz of 0.3T and 0.1T along their effective length of 5.3cm and 7.7cm respectively. The motions of the macro-particles are simulated in the transverse and longitudinal plans.The three quadrupoles of the triplet are ideally characterised by their magnetic gradient (see table 2 for their intensity) and their effective length 22.0cm. The Bx and By fields are then only described in first order of x or y variables, as the associated equations of motion.Finally, for the booster run, the 2 cell booster and 5 cell buncher are described as fully standing wave sections operating in the π mode. Their electromagnetic fields Ez, Eτ and Bf were calculated with SUPERFISH and the results were introduced in PARMELA by means of a data file as for the cells of the HCS couplers. The fringe fields are considered over 5cm and the shape of the Ez component along z axis is drawn on figure 7 and 8. Their beam loading is classically calculated and introduced by the intermediate of their average accelerating gradient.

Figure 7: Module of Eτ field on the axis of the booster section with 5cm cut-off simulated by SUPERFISH.
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Figure 8: Module of Ez field on the axis of the buncher section with 5cm cut-off simulated by SUPERFISH.

V. Two different PARMELA runs

In the previous paragraphs, the different elements of the two layouts considered were described: their main characteristics were given and how they are introduced in PARMELA runs. Now, the emphasis is put on the results of the simulations and their discussion. Numerous runs were done to study the RF properties and beam transmission through the first elements of the CTF2 drive beam. Here, only two cases are reported and discussed. Their choice allows to reveal some interesting RF beam dynamic properties and to compare the two different layouts.
As seen before (figure 9 and table 2), these cases both involve the gun4, solenoid 1, the HCS structures and the first triplet. They differ by the presence of either a second solenoid or a booster just before the accelerating sections and the addition of a buncher after the triplet in the second case only.Some results of these two PARMELA simulations for the three bunches no 1, 24, 48 are presented and summarised in figures 11-14 and tables 3-4. First, the figures 11 and 12 show the x and y trajectory of a single electron which is generated at the input of PARMELA run with maximum coordinates for (x, x,) and (y, y,), see table 1. This particle is then tracked along the line (without space charge because single). Its trajectory does not give the exact beam envelope but allows to have good understanding of the focusing effects in the different elements and easily reveals the presence and the approximated location of the maxima and waists in x or y plans. Secondly, the figures 13 and 14 come from the tracking of 1000 macro-particles with space charge calculation. We can find the graphical evolution of the rms values of x, x,, y, y,, bunch energy spread and transmission along the axis. The corresponding tables 3 and 4 give rms numerical values to the beam characteristics ∆z, ∆γ∕γ, x, x,, the average energy γ and the rms normalised emittance εx for a choice of z positions. So, in the following text, the beam dynamics will be analysed and compared between the two runs.
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HCSl HCS2
Q-Triplet

(a) Nov 98 configuration

Z

Z

Buncher
Q-Triplet

HCS2HCSl

(b) Booster configuration

Figure 9: Schematic layout of the CTF2 components for the two simulated lines.

Table 2: Position and settings of the Componentsfor the 2 simulated lines. ♦ The positions are given from the 
photo-cathode to the middle of the element except for the HCSl and HCS2 sections where the reference is the 

middle of the input wave guide. In the booster configuration, the HCS2 section and the triplet are slightly moved 
to allow the addition of the ‘idler cavity, between them in the test facility, t The corresponding element is not 

integrated in the FARMELA simulation.

Nov 98 layout Booster layoutz-Position ♦ Settings z-Position ♦ Settings
Photo-cathode t 0.0cm 01aser 1 Imm t 0.0cm 01aser 11 mm
Gun 4 t 5.6cm 100MV∕m laser 30o of RF crest t 5.6cm 100MV∕m laser 30o of RF crest
Solenoid 1 17.4cm 3IOOG t 17.4cm 3 OOOG
Solenoid 2 47.4cm 1170G ∕ I
Booster I ∕ 38.4cm 35MV∕m 0° of RF crest
HCSl section 75.0cm 35MV∕m-60o of RF crest 75.0cm 35MV∕m-60o of RF crest
HCS2 section 181.5cm 35MV∕m+25o of RF crest 159.8cm 35MV∕m+25* of RF crest
QFN 130 270.0cm 84G∕cm 286.4cm 105G∕cm
QFN 131 299.8cm 167G∕cm 316.3cm 210G∕cm
QFN132 329.6cm 104G∕cm 346.1cm 130G∕cm
Buncher I I 426.5cm 35MV∕m-45’ of RF crest
Out FARMELA 464.8cm ∕ 463.7cm ∕
Z=O PARMELA 2.4cm ∕ 27.4cm ∕
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V.1 Two solenoids or solenoid-booster configurationFirst, with the booster configuration, the maxima of the transverse sizes x, y of the beam are smaller by 20% than with the two solenoid configuration. The maximum radius are of l0.4mm and 13.0mm.Further, at the entrance of HCSl, the three bunch trajectories of the Nov 98 configuration are really more separated in radius and divergence than with the booster. Beam radius and divergence are also larger for the two solenoids. For comparison, the x=y rms value moves from 5.6±0.1mm to 6.4±0.3mm and the x,=y, rms divergence from 2.80±0.4mrad to 3.35±1.7mrad for booster and Nov 98 layouts respectively.Of course, the booster gives a supplementary energy to the bunches. The gain is of 3.4MeV to 2.8MeV for the first and 48,h bunch assuming the booster beam loading. The energy spread between the bunches is slightly increased from 0.48MeV of the gun4 to 0.78MeV, but the intra-bunch energy spread stays constant with less than 0.12MeV rms.And the booster increases the bunch normalised emittance εx=εy with a variation of +7mm.mrad compared to +2mm.mrad with the two solenoid solution. With a tracking realised here with 1000 particles, the relative numerical error on ε is of a few mm.mrad, the variation due to booster is nearly within this error and thus is very low. If the emittance blow-up by the input coupler of HCSl is considered also, the total emittance blow-up after the HCSl coupler is larger for the configuration with two solenoids than for the booster case.
V.2 HCS1 and HCS2 sectionsWhen a particle arrives and travels through the HCS sections, it sees electromagnetic fields depending on the relative phase between the particle and the RF crest of the section. On figure 9, the Ez component seen by the reference axial particle of the lst, 24th and 48th bunch is drawn along HCSl and HCS2.

The Ez field in the HCSl input coupler presents a negative decelerating part in the fringe field region which reaches -56MV∕m for the 1st bunch with the biggest phase shift -60o, -33MV∕m for the 24th bunch at -22.5o and -17MV∕m for the last bunch at -15° of RF crest. This deceleration and field shape induce strong focusing force in the coupler proportionally to the bunch phase shift. For instance, a particle of the 1st bunch arriving with x=10mm and x,=3.8mrad will be focused and go out from the coupler with still x=10mm but x'=-3.8mrad.For the input coupler of HCS2, the fringe fields reach -17MV∕m and defocusing occurs again but really with less magnitude because the particles have already gained more than IOMeV in the HCSl section and are more rigid. For the HCSl output coupler, the field seen by the particles in the cut-off region is really small, less than - 4MV∕m and no focusing effect is observed.For the HCS2 section, according to the different phase, the fringe fields of the output coupler are larger than for HCSl. A defocusing effect is observed but very slight because of the yet high energy of 45MeV.So, focusing and defocusing forces are put in evidence in input and output HCS couplers respectively. Their amplitude depends on the accelerating gradient, bunch phase and particle energy. The dominant effect however is the focusing of the HCSl input coupler.
The strong focusing of the HCSl input coupler gives big kicks to the particles and the rms normalised emittance increases in the coupler to about 126mm.mrad instead of 62mm.mrad just at the HCSl input. But this variation will be progressively compensated by the low focusing of the two travelling wave sections.An other consequence of the HCS input focusing is the formation of an x and y waist at short distance z where the particles cross the beam axis. According to the beam characteristics at the HCSl input, the waist is located approximately between the 2 sections for the Nov 98 configuration and can be pushed downstream after the two sections into the triplet for the booster configuration. We may notice that the space charge effects further move the waist by about 25-30cm, move which can be compensated by an adjustment of the solenoid.
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Figure 10: Ez field seen by the reference particle on HCSl and HCS2 axis. The first bunch arrives at -60° and 
+25° of the RF crest of HCSl and HCS2 respectively.

Exit of HCS2 sectionAt the exit of HCS2 (or input triplet), the beam is characterised in size, energy and emittance and the two runs are compared.The radius of the beam for the booster layout is significantly lower than for the 2 solenoid line. It decreases by 20% from 1.5±O.3mm to 1.2±0.1mm rms for the booster. At the same time, the divergence decreases also by 30% from 2.4±0.2mrad divergent to 1.6±0.15mrad rms convergent.About the energy, we may remark that at the HCS2 exit the average energies of the first and 48th bunches are almost identical and the lowest ones whereas the 24,h bunch presents the biggest energy. As example, for the booster case, the average energies are respectively 44.8MeV, 47.2MeV and 44.4MeV. Thus, the energy spread of the train is of ±1.40MeV. For the intra-bunch energy spread (fig. 13-14 Tkin), the HCSl phase shift -60o of the Ist bunch induces a ΔEito up to ±1.25MeV at the HCSl end that is compensated later by the second HCS2 section at +25o. At the HCS2 exit, the rms intra-bunch energy spread of the bunches is only of ±0.66MeV for booster line or ±O.59MeV for Nov 98 line. Thus, the demonstration has been done that the beam loading compensation scheme is well simulated by PARMELA: the average bunch energy spread is compensated by HCSl and HCS2 as well as the intra-bunch energy spread at the chosen bunch phase.The particle transmission through both HCS is total and the HCS2 exit emittance is almost identical to the HCSl input value in spite of the quick growth in the first HCSl coupler. The rms ε magnitude is of about 72mm.mrad for the booster line and 69mm.mrad for the two solenoid line.
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v.3 First quadrupole tripletEvidently, the triplet allows to maintain the transverse sizes of the beam from HCS2 output. Moreover, it focuses the already strongly divergent beam of the Nov 98 configuration from more than 2.4mrad rms to 0.9mrad rms. At the line output, about 465 cm from the photo-cathode, the beam envelope has a maximum extension of 8mm and is Unsymmetric in horizontal and vertical plans whereas it is lower than 4mm and symmetric for the booster configuration. We may notice that the experimental settings of the triplet were used in the 2 solenoid case, but not in the booster run. Variations of less than 10% of the quadrupole currents do allow to obtain more cylindrical beam but no significant smaller radius in Nov 98 case. Optimisation of triplet requires tracking further down the whole 3 GHz line till the entrance of the transfer structures and this is the subject of another analysis.
V.4 Buncher elementFor the booster configuration, the insertion of a 5 cell buncher after the triplet does not change the transverse trajectories x, y neither the emittance because of the already high particle energy of 45MeV. By choosing the RF phase, the buncher has the advantage to modify easily the intra-bunch energy spread necessary to the magnetic bunch compressor, independently of the settings of the HCS phases. Here, the buncher phase of -45° increases the intra-bunch energy spread of 50% with a new rms value ±l.lMeV instead of ±0.7MeV. Simultaneously, the average energy is increased up to 50.0±2.0 MeV and the buncher beam loading must be compensated by the HCS phasing.
VI. ConclusionThe use of PARMELA program to simulate the first elements of the CTF2 drive beam provides a good understanding of beam generation and transformation from MAFIA cylindrical results to PARMELA cartesian description with equal charge density.Secondly, a PARMELA model for the HCS travelling wave section of 1 lπ∕12 mode was determined. The use of a fully standing wave cell for the couplers was justified by independent HFSS simulations and the new model was validated by comparisons with the RFSIM beam envelope program.In the HCS sections, RF effects on beam dynamics were demonstrated. The input couplers are focusing and the output couplers are defocusing in principle. In fact, the focusing magnitude depends mainly on bunch phases, HCS gradients and particle energies. In CTF2, the input coupler of HCSl has significant implications and is the most critical component which induces strong focusing, local emittance growth, short-distance x and y waists and a divergent beam at the HCS2 output in the Nov 98 configuration. It must be noted that PARMELA does not deal with wakefields so that possible effects of these fields in HCS are under investigation in a different way.The PARMELA simulations and comparisons of the two layouts present a total transmission until 450cm from the gun4 photo-cathode for a charge of IOnC per bunch and a laser spot diameter of 11mm. It was demonstrated that the b∞ster allows to increase the average energy and to obtain a better beam envelope at the exit of HCS2 with a radius diminution from 1.7 to 1.2mm rms and a divergence diminution from 2.4 (divergent) to -1.6 (convergent) mrad rms compared to the Nov 98 configuration. Whereas, the energy spread and emittance do not change significantly. Furthermore, a standing wave buncher after the triplet was proposed to induce supplementary phase-energy correlation and average energy in the line.In the future, the installation of the booster section in the CTF2 test facility instead of the second solenoid will improve the beam radius and the beam divergence. On the other hand, from current PARMELA inputs, the study of the drive beam transport will be enlarged to the entrance of the 30 GHz transfer structures and will include all quadrupole triplets and the magnetic bunch compressor to simulate, compare and try to ameliorate the understanding of the experimental measurements and transmission in the 30 GHz sections.
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Figure 11: X and y trajectories along the Nov 98 layout of the outer most particle of the PARMELA beam 
generation.

Figure 12: X and y trajectories along the booster layout of the outer most particle of the PARMELA beam 
generation.
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Figure 13: Transmission, intra-bunch energy spread, x, x,, y and y, variations along the Nov 98 layout simulated with IOOO macro
particles. The numbers 1, 24 and 48 (and the red, green and blue colours) refer to the Ist, 24th and 48th bunches respectively. Rms 

values are drawn by solid lines, maxima by dashed lines.
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Figure 14: Transmission, intra-bunch energy spread, x, x,, y andy' variations along the booster layout simulated 
with 1000  macro-particles. The numbers 1, 24 and 48 (and the red, green and blue colours) refer to the lil, 24,h 

and 48h bunches respectively. Rms values are drawn by solid lines, maxima by dashed lines.
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