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Abstract 
 Recently, gradients on the order of 1 GV/m level have 

been obtained in a form of single cycle (~1 ps) THz pulses 
produced by conversion of a high peak power laser radia-
tion in nonlinear crystals (~1 mJ, 1 ps, up to 3% conversion 
efficiency). These pulses however are broadband (0.1-5 
THz) and therefore a new accelerating structure type is re-
quired. For electron beam acceleration with such pulses we 
propose arrays of parabolic focusing micro-mirrors with 
common central. These novel structures could be produced 
by a femtosecond laser ablation system developed at Eu-
clid Techlabs. This technology had already been tested for 
production of several millimetres long, multi-cell structure.  

SINGLE CYCLE THZ GATED RF GUN 
A permanent problem for any RF gun photoinjector is to 

obtain high brightness, low-emittance, low energy spread 
beam. One of appealing solution is to use a so-called THz 
ultrafast field emission gating. High peak cathode field is 
necessary to achieve a high brightness (low emittance) 
beam to be accelerated to relativistic energies before space-
charge effects spoil the bunch. High-field single cycle THz 
pulses are now produced by means of laser light rectifica-
tion in a nonlinear crystal [1]. Such pulses can provide ~1 
GV/m pre-acceleration of sub picosecond bunches in RF 
gun’s resonator (Fig. 1). 

 
Figure 1: RF gun wherein electron emission is controlled 
by a picosecond THz pulse irradiating a metallic cathode. 

The 1 GV/m field strength of the THz pulse, combined 
with the RF gun accelerating field of ~100 MV/m, results 
in the emission of a short current pulse from the cathode. 
Compared to a standard photocathode, the beam brightness 
is increased due to the high additional accelerating field 
provided by the THz pulse. The proposed injection scheme 
does not require a UV laser, high emission charge (up to 1 
nC) is produced due to field emission at high THz fields 
for sub-picosecond bunch lengths. 
 

 
Figure 2: E-field distributions at the parabolic mirror while 
focusing the short THz pulse, for the time correspondent to 
beginning of focusing at t=15 ps (left), for time when fo-
cusing is close to maximum at t=30 ps (center), and in max-
imum of focusing (right) at t=35 ps. 

Table 1: Anticipated Parameters of the Targeted THz-gated In-
jector. 

Parameters Value 
Cathode field, GV/m 8 
Bunch length, ps 0.13 
Cathode radius, mm 810-3 
Bunch charge, pC 25 
th, mmmrad 910-4 
sc, mmmrad 0.13 
RF, mmmrad 710-3 
B 2.21016 

In order to obtain the highest emission fields the THz 
pulse is focused to the smallest possible size at the cathode 
by means of a parabolic mirror (Fig. 2). Such scheme is 
well suitable for the use in a conventional RF gun. The par-
abolic mirror allows efficient focusing of the broadband 
THz pulse. The anticipated parameters of the THz injector 
are summarized in the Table 1. 

BROAD BAND THZ ACCELERATING 
STRUCTURES 

In [2-6] a new accelerating structure design was pro-
posed which introduces a set of waveguides with different 
adjusted lengths. In this concept acceleration of a charged 
particle occurs inside of the parabolic mirror that focuses 
the broadband, short THz pulse. To provide a long range 
acceleration a stack of such paraboloids is employed with 
timing delay between them for synchronization with 
charged particle. Such delay can be produced by geomet-
rical path difference for THz pulse or dielectric delay line. 
Concept of Delay Waveguides 

According to this concept, accelerating structure design 
requires empty waveguides with different adjusted lengths, 
in which the synchronism of accelerated particles with 
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transversely propagating picosecond THz pulse will be 
maintained (Fig. 3). 
 

 
Figure 3: Sketch of particle acceleration in a structure by 
picosecond THz pulse for three sequent time frames. 

Dielectric Delay Concept 
This concept exploits dielectric slabs of different lengths 

inserted in the THz pulse propagation path (Fig. 4). In the 
transverse direction of Fig. 4 the accelerating structure con-
sists of focusing parabolic mirrors similar to the one intro-
duced in Fig.. 2. These mirrors enhance the accelerating 
field seen by electrons. Such design allows to reduce over-
all Ohmic losses and to mitigate negative action of fre-
quency dispersion in the waveguide. The structure in Fig. 4 
is fed by single-cycle THz pulse propagating in parallel to 
metallic blades (E-field is perpendicular to these blades). 
Delay lines provide necessary synchronism of a short elec-
tron bunch flying through the structure. Field and bunch 
dynamics are shown in Fig. 6. 

 
Figure 4: Sketch of broad band THz structure based on di-
electric delay waveguides: 1 – beam channel, 2 – mirrors 
of the parabolic shape, 3 – oversized vacuum waveguides, 
4 – delay waveguides filled with dielectrics. 

Parameters of the proposed structure are presented in the 
Table 2.  Assuming 1 mJ, 1 ps THz pulse the relativistic 
electron will gain 0.4 MeV energy with an average gradient 
is of 0.3 GV/m. 

  

Table 2: Parameters of THz Accelerating Structure Fed by 
1 ps THz Pulses: 

Parameters Value 
Number of cells 10 
Dielectric permitivity 3.75 
Cell length 0.26 mm 
Focal length 0.18 mm 
Iris thickness 0.06 mm 
Width 2.5 mm 
Length 2.6 mm 

Production Technology 
The described broad band THz structure could be pro-

duced by femtosecond laser ablation. The prototype struc-
ture of 2.5 mm length was produced using fs laser ablation 
technology (Fig. 5). This structure was assembled of 10 
copper plates. In each plate we ablated the parabolic mirror 
and the 200 micron diameter hole for electrons. These 
plates were stacked together so that holes introduced the 
common channel for e-beam. In Fig. 5 one can see 0.2 
mm wire inserted into the beam channel.  

 
Figure 5: First prototype produced from stack of copper 
parabolic waveguides. 

CONCLUSION 
Using ultrafast terahertz gating for the preliminary ac-

celeration of bunches allows to gain beam brightness. The 
highest acceleration gradients (~GV/m level) could be 
reached using picosecond single-cycle THz pulses pro-
duced by conversion of laser radiation in nonlinear organic 
crystals. We propose new broadband THz structures which 
can utilize such short pulse for extended length accelera-
tion of electrons.   
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Figure 6: Front view of dielectric delay line THz accelerating structure (time proceeds from left to right).
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