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Introd uctioll 

We present in this paper some numerical results on the prop
agation of RF pulses inside an accelerating structure of the iris 
loaded, constant impedance, type. 

Our aim is to evaluate the possibility to fill an accelerat
ing structure with a train of short RF pulses (shorter than 
the filling-time Tf ), instead of a single RF pulse whose time
duration is of the order of Tf. 

The eledric field Eq(t) at a certain position q along the 
waveguide, as a function of time, is given by the convolution 
integral: 

(1 ) 

where: 
- Eo(t) is an arbitrary input waveform ( train of rectangular 
RF pulses or train of Gaussian-shaped RF pulses, etc.) 
- C;q(t) is the response, at a position q, to a delta-function 
input at the point q = O. This function, which completely de
termines the pulse transmission insid(' the waveguide, can be 
deduced from the dispersion curve of the accelerating structure. 

From til(' literature 1 we know that til<' ('xpression for the 
function Gq(t) for til(' cas(' of a SLAC typP structure ( S-band, 
2856 MHz ) is the following: 

(2) 

where: 
- 2q is the position in number of cells. 
- Wo is the mid-band frequency of the pass-band 
- We is the half pass- band width 
- Qo is the attenuation coefficient of the structure at mid-band 
frequency. 

RF pulses propagation 

In fig. 1 Q and b we present som(' numerical results concern
ing the propagation of a train of four rectangular RF pulses 
through a SLAC-type accelerating section. The four pulses 
have initially unitary amplitude, with a lenght of 3.5 ns (10 
RF cycles), and they are separated by 0.2 IlS in order to have 
a total time-duration equal to the structure filling- time (0.8 
I'S). The plots are obtained by numerically integrating til<' eq. 
(1) and they show respectively the normalized amplitude of the 

electric field at the 5th and 50 th cell, as a function of wet (being 
t=O defined by the entrance of the first pulse into the waveg
uide). The strong spreading of the puls('s, due to the dispersive 
behaviour of the waveguide, is quite visible. 

Th(' normalized amplitude and the real part of the electric 
field, for the same train of pulses, is shown in fig. 2 at a given 
timp (u.let = 82 rad corresponding to about 4/5 of the filling 
time). as a function of the position 2q (in number of cells). 
From the plot of the real part of the elpctric field is evident 
that the 2/3 11" phase relationship b('tw('en adiacent cells is not 
an~'where satisfied, expecially at the head and tail regions of 
each pulse. 

An important question that has to be pointed out is the 
dppendence of the dispersion effects on the group velocity of 
the accelerating strudure: in principle a higher group veloc-
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Fig. 1 a and b : normalized amplitude of the electric field 
at the 5th and 50 th cell as a function of the time for a train of 
rectangular RF pulses in a SLAC-type structure. (see text) 
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Fig. 2 : normalized electri( field amplitude (- - -) and real 
part (--) at a given time "-'et = 82 rad, as a fundion of the 
longitudinal position in number of (ells, for a train of four RF 
rectangular pulses in a SLAC-type struet nre. (see text) 
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ity, corresponding to a larger pass- band, must correspond to a 
lower deformation of the pulse pattern. 2,3 To verify this effect 
we have considered an accelerating structure of the SLAC-type 
with a group velocity of approximately 0.1 of the speed of light 
instead of 0.012, which corresponds to a half-pass-band width 
of 163.83 MHz instead of 19.66 MHz. 

The results are shown in fig. 3 a and b, for equivalent con
ditions as fig. 1 a and b, i.e. for a train of four RF pulses,each 
olle 10 RF cycles long, spaced by 27 ns. As we can see, the pat
tern is nearly the same as for the narrow-band structure and 
we can conclude that the dispersive effects produced by the two 
structures on very short pulses are similar. 
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Fig. 3 a and b : normalized amplitude of electric field at 
the .5 th and .50 th cell as a functioll of the time for a train of four 

rectangular RF pulses in an iris-loaded structure with a 
group velocity 1'9 = O.le. 

Electron energy gain 

The question now arising is: what about the energy gain 
for a relativistic electron passing throughout the field pattern 
produced by a RF pulse train? 

Following again the method in ref. 1 we have numerically 
integrated the equation for the energy gain Wit) of a fully rela
tivistic electron (v=c) passing through the waveguide, without 
taking into account the beam-loading effect.. The energy gain 
is a function of the injection time, measured from the entrance 
of the first pulse into the waveguide: 

Wit) = t'" Eq(t + q0r + 1/'0) )dq In Wa 
(3) 

where: 
- qm is equal to the half of tilt' total number of cells 

- Eq( t + q (-rr~,;o i) is the electri(" field seen by the syncronous 

electron and is given by the following equation: 

(4) 

- q(-rr+1/'oi is the transit time for the electron to point q. 1/'0 is 
w" 

a phase depending on the operating mode of the accelerating 
structure, which is equal, in this example, to ¥. 

The electric field seen by the syncronous electron traveling 
down to a 30 cells SLAC-type structure, of the narrow-band 
type, is plotted in fig. 4 a. The structure is filled with a train 
of four rectangular RF pulses, with unitary amplitude, 10 RF 
cycles long and with a spacing of about 1/4 of t he section filling
time. 

The results for the wide-band structure (1'9 = O.le) are 
shown in fig. 4b. 

The difference between the two cases becomes now more 
evident: the field seen by the electron passing through a wide
band structure is never decelerating, which corresponds to a 
better acceleration efficien("y. 
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Fig. 4 a and b : normalized eledric field seen by a syn
cronous electron traveling through th" a("Celerating structurt' 
filled with a train of four rectangular RF pulses. TlH'Y refer to 
a group velocity 1'9 = 0.012. and 1'9 = 0.11' respediv('ly. (see 
text) 

The energy gain for the two cases, as a fuudion of tilt' in
jection time of the electron after the entran("e of the first RF 
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pulse into the waveguide, is shown in fig. [) a and b. The energy 
is measured in arbitrary units such that the total energy gain 
for a !' = (" elect ron is just equal to the total number of cell, in 
absence of dissipation and dispersion in the guide. 

Let us now compare the energy gain of an electron for the 
two cases of one RF pulse T f long and of a train of very short 
RF pulses, to give a figure of the efficiency of how much of the 
RF energy put into the waveguide with short pulses is useful 
for acceleration. 

Let us consider first a rectangular unitary-amplitude RF 
pulse with a lenght equal to the filling time for a 30 cells SLAC
type structure (300 ns). The energy gain W rect for a v=c elec
tron that enters the waveguide at a time equal to the filling time 
is: W rect = 26.2, where the difference with respect to nominal 
value of 30 is due to the attenuation in the waveguide. Con
sider also a train of four rectangular RF pulses with a lenght 
of 10 RF cycles (3.5 ns), a spacing of 70 ns and an amplitude 
E tram choosen to have the same total area of the rectangular 
unitary-amplitude pulse: 

300 
= 21.43 

4 x 3 .. 5 

The energy gain H'tra,n for a v=c electron that enters the 
waveguide at a time equal to the filling time is: It'tra,,, = 23 .. 5. 
This value is less than the energy gain with a single pulse by 
only about 11 %, this means that the loss in efficiency due to 
the dispersion effects for the 30 cells accelerating strucure filled 
with short pulses is quite low. 

The strong difference is between the amount of peak power 
Pp that the RF generator must supply for the two cases; that 
is proportional to the square of the amplitude of the RF pulse: 

Pp J!~~!!~ 
Pp tra1n 

1 
.. _--
(21.43)' 460 

The RF energy put into the waveguide is equal to the RF 
power times the time width of the pulse, so that the ratio be· 
tween the RF energy in t he waveguide for th ... two cases is: 

Pp E_~.~_~e x T pul.'Ie 

Pp traTTl X Ttra1tl 

1 
-------- = 0.047 
460 x (300/14) 

A "figure of merit" !vlt for til<' train of pulses can be in· 
troduced, which gives the acceleration efficiency with a certain 
train of pulses, in respect of a single RF pulse with a length 
equal to the filling tim .... 

0.04'2. 
Results very similar can be obta.ined with a train of short 

Gaussian·shaped pulses, as it is shown in ref. 4. 

Condusiolls 

We can conclude that the acceleration efficiency for a train 
of RF pulses as described is much less than the one with a 
single RF pulse, with a length of the order of the filling time. 
In particular the dispersion of the waveguide affects only a little 
the overall efficiency (11 % and 5% for l'g = 0.012e and 11g = O.le 
respectively),the latter being mainly determined by the duty 
cycle of the pulse train. 

H is also straightforward that with short RF pulses the ac
celerating structure must have an higher peak power handling 
capability. 
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Fig. 5 a and b : energy gain for a v=c elect ron traveling in 
a 30 cells SLAC-type accelerating structure having respectively 
low and high group velocity. (see text for details) 
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