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Abstract

To design the linear accelerators and to make the
particle tracking simulations a rf-gap model for the
accelerating cells has to be implemented. The standard
rectangular rf-gap field presentation, as well the trapezium
and cos-like waveform field models were analyzed and
compared.

INTRODUCTION

For the accelerator design (mainly for linear
accelerators [1]) an influence of the accelerating elements
on the transverse and longitudinal particle dynamicsis an
important part to create a rf-gap model. Further the
genera rf-gap mathematical description is based on the
paper [1], where the longitudina particle dynamics is
characterized by:

- an average electric field on the axis of the accelerating
period

E, =%!Eg(z)dz , (1)

where L is an acceleration period length; E (2) isa
waveform factor of the axis electric field, z is the
longitudinal coordinate;

- thetime flight coefficient

1 IEQ (2 cos%z ; 2

-t
E,
- the synchronous particle rf-phase at the gap center ¢, .
The standard model for the transverse rf-gap action uses
the matrix presentation [1,2], consisting from the thin lens
matrices for the edge rf-gap electric field and a matrix for
the rf-gap central part (as arule the drift space matrix).
Note, the further results were got for the accelerating
elements of the ion linear accelerators, where a particle
energy increase is much less then the particle energy.

TRANSVERSE PRESENTATION

Supposing the  azimuthally  symmetric  gap
electromagnetic field and neglecting by the particle
displacement along the rf-gap, the particle trajectory
refractions in the input and output gap halves will be [1]

(Aﬂ) z_i (]' 12 (aEz +V(ZZ) aEzde (3)
dz /., 2m, L y(9vi (gl dz ¢ ot

-
(Aﬂj __er J- 12 (aEZJrv(zz)aEzjdz,
dz )., 2m, 5 y(2vi(9)\ 0z ¢ ot

where E, = E,(z,t)= E (2) cos(at(2)) ; @ isthe angular
rf-field frequency; r is the transverse particle
displacement; e and m, are the charge and mass of the
accelerating particles; ¢ is the light speed; v, is the
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longitudinal particle velocity; ¥(2) =(1— ,b’z(z))fﬂ2 isthe
particle relativistic factor; f(z)=v(z)/c; L' and L are
the first and second rf-gap halves. Further the longitudinal
coordinate of the gap center will be defined as zero. The

gaplengthis L +L" =L.

Trapezium rf-Gap Field Waveform
The rf-field waveform is described by
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Figure 1: Trapezium rf-field waveform
The waveform (4) and some important parameters are
presented schematically in fig.1.
Substituting (4) to (3), the followed expressions may
be obtained

. ( B2 cosp, + K—ZXCOSqu J (5)

S

( drj _ erk;
dz 2m,c* (8%,
eE

(s5) - B (gramg
dz 2myC* (18

where f.,7, and ¢, are the synchronous particle

KX
+ 7 COSPoyt |

S

parameters at the gap center; (7ﬂ2)in and (;;BZ)M arethe

average over L and L° coefficients respectively;
o ~(p,—7IL); @, ~(p,+7xlL); K, =sinx/x;
x=nxalL. The thin lenses (5) are placed in the points
|z (g-a)/2.

Rectangular rf-Gap Field Waveform
The traditional representation of the rf-gap waveform is

arectangular model:

Eg(Z):{ N SPC

0 |zbg/2
From (5) by assuming a — O it follows
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Cos-like rf-Gap Field Waveform

The cos-like rf-field waveform is described by

0; |4>2

Eg/z-[l—sin(rzz%glzﬂ; z,<2<z

E§/2~[1+sin[7rz+f2/2ﬂ; -7z <2<-2

Eg; |Z<z,.
The thin lensrefractions (3) will be
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where K, =cos(zy/2)/(1-y?) and y=2a/L.

1
) { B2 cosp, + 7 COSQ,, J .

E,(2)= ®

LONGITUDINAL PRESENTATION

Assume that there are some reliable estimations for the
integral parameters (1) and (2) (further they will be

denoted E, and T;) as well as for a gap coefficient
a=g/L. Also there is the law to change the
synchronous particle phase ¢,. The longitudinal phase
space (p)=pMy(1);z) and an
independent time variable t will be used. The

synchronous particle transverse momentum is equal zero.
The longitudinal dynamics of the synchronous particle [1]
isgoverned by

coordinates

PO _ € £ (5)cos(at+p,)
d  mgc
@ . pO W

dt 1+ p2(1)

where ¢, is arf-field phase of the synchronous particle at

the gap entrance. The rf-field model is designed to
conserve both the average electric field and time flight

coefficient the same as for the real rf-field (E; and T ).

Trapezium rf-Gap Field Waveform
Applying the definitions and results of the previous
section the followed expressons may be derived:
sn(zzg/L)’sn(fra/L). (11)
zg/L ra/L

T _ Tg_ T T _
B =F [ =Fa T =

Therefore

E;=E /la=Ej/a . (12)
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To define the parameters a it needs to solve equation

(sng)l¢=k , (13)
where k=T, /T, ; T, =sin(ze)/ (zeX) ; ¢=mal L. (14)
As arule the practical valuesare k<1 and O<¢g<x/2.
However from (13) it follows the lowest limit to use the
proposed algorithm:

kKZ>1 = k>2-064 (15)
2 T

To overcome the restriction (15) it was introduced the
effective parameters

O« > 9 (16)
As a result, T, =sin(zoy )/ (ma,)<T, and the
parameter k in (14) may be increased up to the desired
value, then the parameters a,, and E;eﬁ =E, /o, may

be recalculated according to (12). To solve the eguation
(13) the simple tangent method was used. Findly all
parameters of the trapezium rf-field waveform (fig.1) will
be determined with the requirements

E(;reff = Eg = E(; and TOTa‘f ZTor :

Oy =04 I L>ax

(17)

Rectangular rf-Gap Field Waveform

Following the approach from the above section and
applying the field waveform (6) it may be shown:

ES= E;.gz E; o, T =—Smjgz%l‘) =T, (18)
Ef=Ey/a=E;/a (19

In practice for the rea parameters the inequality
k=T, /T, <1 isaways valid. Therefore it was proposed
to use the effective parameters
Tow =SiN(m0rg ) | (m0rg ) =Ty Efq =Eg /. (20)
Asresultsit is possible to achieve the followed relations:

EoRzEgeff’aeﬁ =E(; TORv;ff ZTor
E(?TOF;H =BTy

Cos-like rf-Gap Field Waveform

Following the above approach the next relations may
be derived:

(21)

T

eooge 9 gy, TooSnra/) 2V
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E; =E; /a=Ey/a (23)

To defined the parameter a it needs to solve the equation
B =k (24)

T N2
()
V4
where al parameters are identical to onesin (14).

As a rule the practicd values are k<1 and
O<g¢<z/2. However from (24) it follows the lowest

limit to use the proposed algorithm:

k> % ~0.79 (25)
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The requirement (25) is more difficult compared with
(15). Therefore the effective parameter approach is more
probable for the cos-like rf-field waveform model. The
formulas (16) are also valid. Finally al parameters of the
waveform will be determined with the requirements

Eoceff = EoC = E(; ; TOCeff =Tor

PRACTICAL REALIZATION

The above mathematical models were redlized to
design qualitatively the accelerating elements of the ion
linear accelerators. The proposed simulation algorithm
consists from the followed stages:

e the proposal of the specific parameters of the

accelerating structure: E;, T, , «, theinput velocity
B(0) and rf-phase ¢(0) of the synchronous particle
as well as the rf-phases of the synchronous particle at
the gap center ¢, and exit ¢(L);

e the choice of the preliminary gap geometry and rf-
field waveform model, calculation of the model
characteristic parameters E and a;

e the simulation of the synchronous particle dynamics
(10) to get the synchronous particle phases at the gap
center ¢, andend ¢ (L);

e applying the gradient method and varying the L™ and
L" with conservation of the E;, T, o to achieve

(26)

the equalities ¢, = ¢, and ¢, (L) = (L) ;

e in dependence from the rf-field waveform model to
caculate the focusing properties (3) of the
accelerating gap in the thin lens approximation.

The important integral parameter of the accelerating gap

is the synchronous particle energy increase [1]:

AW, =eE T Lcosp, . (27

Excluding the calculated gap length L, al other

parameters in (27) are identical for any applied rf-field

waveform model. The value L is the result of the
computations presented above and therefore depends from
the used rf-field waveform model.

To compare the studied models the calculations for

Alvarez-type accelerating gap [3] were done. Additionally

the simulation of the gap electromagnetic field was

carried out by the power program codes [4]. The gap
parameters were:
p,=008; =0219 ; D=1cm; f, =324 MHz

T, =0.92318 ; E; =1.15752 MV/m ; ¢, =-35 .
The graphical results are presented in fig.2, where the
solid line is the data received by [4]; the dashed lines are
the results for the different rf-field waveform models. The
highest rectangle was calculated by using the rectangular
model with the gap size g whereas the lower rectangular

isfor the model with g, .

E MV /m

Figure 2: Computational rf-field waveform.

It is evidence the application of the trapezium and cos-like
rf-field waveform models is more adequate to the real
field distribution. The calculated parameters for the rf-gap
are presented in Table 1. The cos-like rf-field waveform
model has length the same as for the model with real rf-
field distribution, thus the energy increase (27) for these
models will be equal.

CONCLUSIONS

The various rf-field waveform models for the
accelerating gap have been studied. It was shown that the
cos-like rf-field waveform model is more adequate to the
real field parameters compared with trapezium and
rectangular waveform models. The developed algorithmis
used both to design the ion linear accelerators and to
study the multi particle dynamics of the accelerated
beams.

Tablel: Calculation Results for the Alvarez-Type Accelerating Gap

Waveform L, cm L, cm L,cm Oy By » MV/m a,cm
Rectangular 2.95005 4.34025 7.2908 0.45903 3.3851 0
Trapezium 3.33495 3.90745 7.2424 0.38452 4.0411 19178
Cos-like 3.33730 3.88200 7.2193 0.38212 4.0665 2.5813
Real (by [4]) 3.59320 3.62610 7.2193 - - -
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