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Abstract 

In this paper detuning method for the suppression of the 
long range wakefields in a linear accelerator structure has 
been investigated theoretically. A novel travelling wave 
accelerating structure with its accelerating field phase ve- 
locity oscillating around the velocity of light along the 
structure has been proposed in order to suppress the long 
range longitudinal accelerating mode wakefield. By de- 
tuning also the frequencies of the deflecting modes, the 
longitudinal and transverse long range wakefields can be 
suppressed at the same time, which is preferable when a 
train of bunches is to be accelerated. 

I INTRODUCTION 

In the design of the next generation TeV e+e- Linear Col- 
liders (TLC) the wake field induced instability is one of 
the main concerns. In this paper we concentrate only on 
the suppression of the long range wakefields which will in- 
fluence the following beam bunches. In section 2 aiming 
at suppressing at the same time longitudinal and trans- 
verse wakefields, a novel accelerating structure with the 
phase velocity of the accelerating field oscillating around 
the velocity of light along the structure has been proposed. 
In section 3 some discussions are made concerning prac- 
tical structure designs. The numerical simulation results 
demonstrate the feasibility of this novel structure. 

II THEORY 

To start the discussion we consider an uniform structure 
(so-called constant impedance structure) and one of its 
passbands. This passband can be the fundamental or any 
other higher order one. The dispersion relation of this 
passband is approximated by 

w2 = wg1 - kcosf$) (1) 

where 4 is the phase shift between adjacent cavities at 
angular frequency w, wo is the midband angular frequency 
corresponding to 4 = n/2 and k is the coupling coefficient 
which can be calculated analytically [l] or numerically if 
the structure dimension is given. Eq. 1 can be simplified 
as 

w = wo - AWCOS~ (2) 

where Aw is half the angular frequency bandwidth of this 
passband. 

When a particle with charge Q is going through this 
structure with w = c, the wake potential produced per 
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period in this passband is [2] 

W = 2kwe’(WA”C”“$)f /(l - $inf$) (3) 

where W takes the real or imaginary part of the complex 
number depending on longitudinal or transverse wake po- 
tential with k, being the loss factor or kick factor corre- 
spondingly, and vi is the group velocity at the midband. 
The physical meaning of eq. 3 is that the structure starts 
right at the beginning to oscillate at the synchronous fre- 
quency w(4). N ow we modulate the frequency wg in eq. 3 
over N cells without changing the passband width Aw. wo 
is replaced by 

wo + 6wcos(~7n) (4) 
where m is the mth cell with the same start point as N. 
The average of W over these N cells is 

<w>= 
2ktuei(wo+6wcos(2rrm/N)-Awcoa~)~ 

Cl- 
(5) 

t?l=l 

If N is large and Q keeps an almost constant value, eq. 5 
can be replaced by an integral as follows: 

< w >= J-r 
A 2k,ei(w~+6wcosQ-AwcoJ9)tdip 

2n(l- +nl#g 

1 

= (1 - :sinf$) 
2k,ei(W-AWCoS6)b ~~(6~:) (6) 

The amplitude of the wake potential is modulated by 
Jo(Gw,,s/c) and there exist a series of zero amplitude at 

S,i = UOiC/dW (i = 1,2,3. ..) (7) 

where s,; are the locations where a test particle does not 
suffer wakefield of the nth mode, and UtLgi is the ith root 
of the zero order Bessel function. Of course, more compli- 
cated modulation is possible as shown in ref. [3]. 

The discussions made above are quite general since the 
passband can be anyone of those of a travelling wave struc- 
ture. To suppress the longitudinal wakefield of the funda- 
mental mode, therefore, the frequency at which the wake- 
field is produced should be detuned along the accelerating 
structure as shown in Fig. 1. 

We assume 

w, = w,o + Gwsin(Kz) (8) 

where w, is the wakefield angular frequency, K = 2?r/L 
and L is the modulation period along the structure. Since 
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Figure 1: Detuning of the fundamental mode 

w, satisfies the dispersion equation and the synchronous 
condition, one has 

ww = wo - Awcos(& D) (9) 

WUJ -=c 
Au 

(10) 

where we is the midband angular frequency, Aw is half the 
passband width (assumed to be a constant), and D is the 
period length of the periodic accelerating structure. We 
denote 

&D=O (11) 

From eq. 8 we can rewrite the dispersion equation as 

w = w,,,~ + Swsin(Kz) + Awcos6’ - Awcos(pD) (12) 

If we chose our rf source angular frequency to be wrf which 
is within the passband, then 

wrj = w,o + dwsin(Kz) + Awcosd - Awcos(&, D) (13) 

w,f is chosen as 

Wrf = wwo (14) 
and we define 

Pr/ = ,l?o + Ap with 00 = POD (15) 

where /30 = wri/c. If 6w/Aw _< sin&, lA/3Dl < 1 and 
vs/c < 1, it is found from eq. 13 that 

A.B=- 
bwsin( Kz) 

Aw Dsin& 

The group velocity at rf source frequency is 

57 
dw,j 

= - = AwDsin(&f D) 
dPrf 

(16) 

The average group velocity over the length L is found to 
be 

< vg >L= AwDsinBoJo 

= Izvvgl*=o 

where 

R, = Jo(s 

C 

= (l- dwsin(Kz) 
AwpoDsinOo ) 

(20) 

The accelerating field travels with its phase velocity oscil- 
lating around the velocity of light. It is obvious that the 
particle is not always synchronized with the rf accelerat- 
ing field, and therefore, it is important to look carefully to 
what wilI happen to the longitudinal and transverse mo- 
tion of the particles. 

The longitudinal accelerating electric field can be writ- 
ten as 

J 
= El(r, 2, t) = Eosin(w,ft - Prr d.z + 40) (21) 

0 

where Ee is assumed to be a constant, and f17j is the wave 
number at the angular frequency wrf in the structure. The 
average accelerating electric field over the length L is 

<E>L=; 
J 

L 

0 
Eosin(w,f z - 

J 
’ Pvfdz + do)dz 

0 

= EoJo( sw 
AwDKsinBo 

)sin($0 + sw 
AwDKsinOo 

) 

= EoRsin(40 + AwD;sinso > (22) 

where 

R= Jo( 
SW 

AwDKsinBo 1 (23) 

is called field reduction factor (abbreviated as reduction 
factor). The transverse momentum change over length L 
is 

PA 
J 

L 
F,dr 

c 0 
(24 

It can be proved that when pZ = 1, P = 0 just like what 
happens in a conventional accelerating structure. Accord- 
ing to the general conclusion expressed in eq. 6, one gets 
immediately the average fundamental mode longitudinal 
wake potential over length L as 

< w >L= Wucos(wwo~)Jo(~w;) 

(1 - 2 sin&) 

= 2k,cos(w,f 5) Jo(6w :) 

(1 - GsinBo) 
(25) 

We are now in a position to say that the price paid for 
the fundamental mode wakefield suppression is to lower 

6W 

) 
the accelerating gradient by a factor R compared with the 

AwsinDo case of a conventional structure. 

(18) If the practically accepted minimum R is around SO%, 
from eq. 23 one has 

,’ (19) 6W 

’ AwDKsinBo 
)=I (26) 

is called group velocity reduction factor. The phase veloc- 
ity of the accelerating field is In the following It is assumed that D = DO, where 

wrf VP = - 
P 

(27) 
tf 
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IJWI I I 
2rDoAwsin& 

L (28) 
Once the half passband width Aw (related to the designed 
average group velocity < vg >) and 0s are determined, 
the maximum frequency modulation amplitude dw can be 
known from eq. 28. It is natural to assume that the dis- 
tance between two adjacent bunches is 

where the amplitude of the wake potential of the exciting 
particle is zero. If the rf pulse length is rr/ the maximum 
number of acceptable bunches in this rf pulse is 

Nb _ WITrf 
2101 

The larger the absolute value of SW is, the greater 
number of the bunches in a given rf pulse can be. 

III DISCUSSION 

In the following we will give a concrete example of the 
fundamental mode detuned structure shown in Fig. 2 (S- 
band). It is seen that there are two stop-bands at 7r/4 

(30) 
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Figure 2: Fundamental mode detuned structure and its 
dispersion curves 

mode and 3~/4 mode, respectively. For a given PO the 
group velocity at 2~13 mode decreases with increasing cav- 
ity outer radius modulation dr. For the case of ro = 1.5cm 
and dr = O.O5cm, the group velocity us/c at 2x/3 mode 
is about 0.02. The standing wave electric field distri- 
bution of 18 cavities at 2~13 mode is shown in Fig. 3 
calculated by using PRIAM [6]. It is obvious that there is 
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Figure 3: Standing wave patternyf 18 cavitiess 

no attenuation. It is found that the shunt impedance of 
the synchronous travelling wave is about 30 MR/m with 
Q = 13596 (r-0 = 1.5 cm and dr = 0.05cm). Since this ex- 
ample uses electric coupling, the iris radius has to be very 

large to avoid the attenuation of the traveiling wave, and 
this large iris radius reduces the shunt impedance greatly. 
In practice, however, one can increase the shunt impedance 
by using the backward wave structure where the iris radius 
can be made smaller. The effect of the fundamental mode 
detuning is checked by using TBCI, and the result is shown 
in Fig. 4 where the length of the exciting bunch has been 

PUICLC “NI.z.3, Y 
Figure 4: Fundamental wakefield 

chosen very long in order to excite only the fundamental 
mode. The dipole mode wake potentials (longitudinal, ra- 
dial and azimuthal potentials in the same picture) of this 
structure are also calculated and shown in Fig. 5. In Fig. 4 
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Figure 5: Dipole wakefields 

one can see that the first minimum of the wake potential 
appears at about the 30th wavelength of fundamental ac- 
celerating mode after the exciting bunch. The results from 
PRIAM and TBCI demonstrate the feasibility of this novel 
accelerating structure. 
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