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Abstract 

The effect of a longitudinal wake field on a high cur- 
rent multi-bunched beam was investigated at the primary 
electron section of the KEK positron generator linac. The 
energy spectrum of multi-bunches due to the beam loading 
was compared with a numerical analysis by the computer 
code TBCI. 

I. INTRODUCTION 

For the purpose of attaining a large luminosity in a 
future e+e- linear collider, it is necessary to operate the 
accelerat,or in the multi-bunch mode. While this enhances 
the efficiency of the accelerating structure without a large 
increase in the RF power, it causes many problems re- 
garding beam dynamics. When a bunched beam traverses 
an accelerating structure, it excites electromagnetic fields 
(called wake fields [l]). Tr ansversally, the wake field kicks 
any trailing particles, a.nd t,hen brings about a cumulative 
beam breakup. On the other hand, a longitudinal wake 
field extracts energy from the accelerating field, leading to 
a variation in the beam energies. Alt,hough the problems 
related to the single-bunch phenomena have been studied 
by several people [2], there have so far been few investi- 
gations on the mult,i-bunch phenomena of highly intense 
bunched beams. 

The positron generator linac at KEK [3] has a high 
intensity primary electron beam, which is bunched and ac- 
celerated to 250 MeV by an RF field. The beam is split 
into 5-6 bunches with the electric charge of a few nano 
Coulomb, respectively. A series of experimental studies 
on the wake field characteristics of the KEK positron gen- 
erator linac has been carried out [4]. In this paper we 
discuss the longitudinal wake field characteristics of the 
high-intensity, multi-bunched beam. The energy spectrum 
of such a multi-bunched beam is measured at the energy 
analyzing station and compared with numerical analysis 
by using the computer code TBCI. 

II. EXPERIMENTAL SETUP 

The primary electron section of the KEK positron gen- 
erator linac comprises the following components: An elec- 
tron gun emits an intense electron beam of 150 keV with 
a peak current of 10 A and a pulse width of 4.2 ns. A 
sub-harmonic buncher with a modulation frequency of 119 

MHz and a following drift space longitudinally compresses 
the beam to a 2 ns pulse with a peak current of 15 A. A pre- 
buncher and a buncher operating at 2856 MHz then split 
the beam into several bunches. In traveling through a sub- 
sequent regular accelerating section, the average energy of 
the bunches reaches about 250 MeV. The accelerating sec- 
tion is 22 m long and has the same operation frequency to 
the bunchers. At the end of the primary electron section 
there is an energy analyzing station, which includes col- 
limeters, a bending magnet, beam profile monitors, a wall 
current monitor, a slit and a bunch monitor of the strip- 
line type. In measurements of the energy spectrum, the 
energy resolution is set to 0.15 % by using a slit width of 
1 mm. The measured energy spectrum indicated a bunch 
structure due to a transient beam loading effect. Several 
peaks in the measured energy spectrum could be identified 
with bunches by using a bunch monitor. 

III. RESULTS AND DrscussroNs 

The measurement of a high-current multi-bunched 
beam at the above-mentioned energy analyzing station 
gave the energy spectrum shown in Fig.1. 
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Figure 1. Energy spectrum measured at the en- 
ergy analyzing station. 

There are several peaks in the spectrum which correspond 
to bunches. The bunch-to-bunch energy difference, which 
should be attributed to the longitudinal wake field, vvas es- 
timated by a numerical analysis according to the following. 
The energy gains and charges of bunches were determined 
from Fig.1 and are listed in Table 1. 
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Table 1. List of bunch characteristics 
Bunch Energy Gains (MeV) Charges (nC) ’ 

1 255.2 1 
2 251.1 6 
3 245.3 7 
4 239.4 9 
5 236.2 4 
6 233.9 4 

Before starting a numerical analysis, we present the basis 
of energy extraction by a multi-bunched beam[5]. Suppose 
that an accelerating structure of length L is fully filled with 
RF power. If the attenuation of the field is negligible, or if 
the structure has a constant gradient, the energy gain of a 
test particle from the accelerating field is 

AEL = e&L , (1) 

where Lo is the field gradient. In order to clarify the prop- 
erties of the longitudinal wake field, we first concentrate 
on the wake field excited in the fundamental accelerat- 
ing mode. The fundamental wake field excited by a short 
bunch of charge, q, is 

& wake = -2h , (2) 

where k is the loss factor per length of the fundamental 
mode. If the charge distribution is symmetric about the 
bunch center, the energy loss of a single bunch by the wake 
field is given by 

AElslngte = -ekqL . (3) 

We next consider the energy loss by the wake field, which 
advanced bunches excite. Since the group velocity of the 
fundamental mode is a few percent of the speed of light, 
we neglect the propagation of the fundamental 
compared to the structure length. The energy 
n-th bunch by the excited field of proceeding 
then given by 

n-1 

AElmulti,n = -2eL C kq, , 

wake field, 
loss of the 
bunches is 

(4) 
m=l 

where qrn is the charge of the m-th bunch. Since the loss 
factor is a function of the bunch length, 0, [6], it can assume 
different bunch-to-bunch values if each bunch possesses its 
own length, respectively. After all the total energy gain of 
the n-th bunch is given by 

n-1 

AVnlL = Eo - kq,, - 2 c kq, (5) 
m=l 

Rere, we have used the abbreviated notation V E E/e. 
We now compare the experimental result with a nu- 

merical analysis. We evaluate the longitudinal wake field 
by means of the TBCI-code. Although the structure of the 
KEK positron generator linac is a quasi-constant gradi- 
ent, the evaluation was performed by assuming a constant 

impedance structure. Figure 2 shows the calculated lon- 
gitudinal wake field excited by a bunch of length 7.5 mm, 
which is a probable bunch length of the KEK positron gen- 
erator linac. 
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Figure 2. The longitudinal wake field of the KEK 
positron generator linac excited by a bunch 7.5 
mm long. 

In order to obtain a loss factor of constant gradient struc- 
ture, we calculated the corresponding wake fields of a 
constant impedance structure using various apertures and 
then average them. 

Assuming that all of the bunches have the same bunch 
length (7.5 mm), we obtained the energy spectrum shown 
in Fig.3(b). 
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Figure 3. (a) Energy spectrum measured. (b) 
Energy spectrum computed not including higher 
modes. (c) Energy spectrum computed with 
higher modes. 

To improve the numerical estimation, we include the 
higher modes of longitudinal wake field. To this end, we 
computed the loss factors at the positions of the trailing 
bunches, which are listed in Table 2. Note that the loss fac- 
tors at the following bunches are almost double the single 
bunch loss factor, as expected. The difference is ascribed 
to the higher modes of the longitudinal wake field. Using 
the modified loss factors, the energy spectrum (c) in Fig.3 
is computed. 

Table 2. Loss factors evaluated at the bunch positions 

498 

PAC 1991



Bunch Loss Factor (x 1Ol3 V/C/m) 
1 1.8 
2 3.4 
3 3.3 
4 3.6 
5 3.5 
6 3.2 

In the previous argument, we assumed that all of the 
bunch lengths to be equal to 7.5 mm. For the purpose of 
investigating the effect of changes in the bunch length, we 
calculated the wake fields of various bunch lengths. The 
single bunch loss factor changes as shown in Fig.4 when 
shortening the bunch. 

x 1 0’3V/C/m 

6 r--T-‘i.““““” 
i : j i i j ; I I 

5 ! ! ;. : ..: :..... .r . . 
jo1, : : 

...I ; 

: ’ 
: : : 

\: i 
_...... i ?I 

; i : j : I 

4: : 
‘i ______.___.._; . f j . I . 

: iw! I : j j 
;\: i : 

3 i -..-- -- -: 
j 

t ‘;j. 

: i :.qi 

i I j 

; 
T--K: 

j : 

2 _... :. .:... : .: -:- 
; j 

i‘0.L 

i 
: : 
: : 0 

i ,,,I .,_..,., AL ,,.. :.,. ,,..,,.. 
i 

: ; 
j : : 

: : 
1 ” 

012345676 

Bunch Length (mm) 

Figure 4. Dependence of the longitudinal wake 
field of the KEK positron generator linac on the 
bunch length. 

In the short range, the diffraction model [6] implies that 
the loss factor varies as ~~~1~. Although this model is 
not applicable to the present bunch lengt,hs, the loss factor 
still varies as ae1i2. As a result, the amount of the loss 
factor can change bunch-to-bunch due to the difference in 
the bunch length. 
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Comparing Fig.5 with Fig.2, one is easily convinced that 
the higher modes of the wake field by the short bunch are 
more excited than that by a long bunch. The loss factors 
of the trailing bunch are largely influenced by these higher 
modes. 

Table 3. Loss factors of bunch with length 2.5mm 

I 1 J 

The loss factors for the trailing particles remarkably depart 
from the double type which appear during single beam 
loading. 

The measured energy spectrum can be partly ex- 
plained by a numerical analysis. To obtain a better agree- 
ment between the experimental and numerical investiga- 
tions, we need to obtain the precise information concerning 
the bunch length. This implies that keeping the energy of 
bunches in high precision requires us to closely control the 
bunch lengths of the multi-bunched beam. 
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Figure 5. The longitudinal wake field of the KEK 
positron generator Iinac excited by a bunch of 2.5 
mm long. 
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