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* Particle acceleration currently requires large infrastructures due to the low frequencies (a few GHz) and relatively low field amplitudes (a few tens of MV/m) used in
conventional accelerating structures. One of the schemes currently studied to reduce the footprint of particle accelerators is to use dielectric-loaded
waveguides (THz linac) driven by laser-generated multi-cycle THz pulses, in which the frequencies (100 GHz up to 10 THz) and field amplitudes (100 MV/m to a
few GV/m) are expected to be much higher than in conventional accelerating structures. This is one of the goal of the AXSIS project [1].

* The purpose of our study is to investigate with ASTRA simulations the evolution of the bunch properties with several properties of the THz linac: Phase velocity of the
accelerating field and injection phase of the electron bunch into the THz linac; Frequency and amplitude of the accelerating field into the THz linac.
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3. Influence of the frequency and amplitude of the acceler ating field
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* This is due to two facts: The phase slippage, strongly limiting
the achievable bunch properties in the THz linac, is intrisically
reduced at lower frequencies; The fraction of the accelerating
field wavelength covered by the bunch, which is significant, is
also intrinsically reduced at lower frequencies > Less induced
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of high frequency and amplitude could be a compromise, with all

Bunch properties at the exit of the THz linac simulated by ASTRA. v,=C; v,=0.62c; L=6.4 cm. the drawbacks aforementioned.
Injection phase optimizing the bunch length. White zone: The bunch performs more than one
complete phase oscillation during its path in the linac. * Tapered linac [2] is currently investigated to solve the difficulty.
4. Influence of the injection phase and phase velocity 5. Capability of ballistic bunching
= 1495 — 0.040& Tol—806 5 =
9o 1328 5 00362 B8 %ok =8| B G
£ 11.6= £ 0_031§3 -E o —225GHz 2 'E, 225 GHz—
2 99 ¥ 8 00275 3 g 8 —3006H: p 300 GHz—
= 83 5 = 00225 ETo £8
_@g 66 & 29 0.018 5 %2" ] 2E
=" 50 £ &' 00138 2Eg . LET N
8 b3 T § 0.000 € £s g EZ_ o a2
ig 17 8 E8 0.00a 5o ‘ 26 pass
~ 0986 0850 0894 0998 1 00~ S 0985 099 0994 0898 1 002 S 50 100 150 200 250 300 350 400 — 50 100 150 200 250 300 350 400
Phase velocity normalized to ¢ Phase velocity normalized to ¢ Peak accelerating field (MV/m) Peak accelerating field (MV/m)
Bunch kinetic energy and inver serms length asa function of the Longitudinal focal distance and rms bunch length at the
injection phase and phase velocity. L=10 cm; N=42; 300 GHz; 150 MV/m longitudinal focal point. v,,=c; v,=0.62c; L=6.4cm.
* High sensitivity to the phase velocity and therefore to the mechanical precision (2 um | * Ballistic bunching needed for adding transverse focusing after the linac
variation in the dielectric thickness - v, varies from c to 0.99c) - Challenging. and having, several tens of cm away, common longitudinal and
* Less sensible to injection phase > Margins for possible instabilities. transverse focal points. Possible only with low frequencies (< 300 GHz).
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