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Abstract 

Multibunch emittance growths caused by long range wakefields with the 
misalignments of accelerating structures and quadrupoles in S-Band linear col
lider are studied. Tolerances for the misalignment errors of accelerating struc
tures and quadrupoles are given corresponding to different detuned-f-damped 
structures. At the end of main linac, emittance corrector (EC) is proposed to 
be used to reduce further the multibunch emittance. Numerical simulations 
show that the effect of EC is obvious (multibunch emittance can be reduced 
about one order of magnitude), and it is believed that this kind of EC will be 
necessary for future linear colliders. 

1 INTRODUCTION 
Next generation TeV range e+e~ colliders will be linear instead of circular type due 
to synchrotron radiation. The luminosity of a linear collider can be expressed as: 

T _ N-N+nbfTep TT 
L ~ 4*(fi.fi,«*,yt*HD (1) 

where it is assumed that the beam has Gaussian transverse distributions, N- and 
N+ are the number of electrons and positrons per bunch, nb is the number of 
bunches per bunch train, / r e p is the repetition rate of bunch train, and HQ is 
the pinch enhancement factor. The required luminosity of future linear colliders 
is about 1033cm~2sec~1 which is one order higher than that of SLC. To achieve 
the required luminosity it is important to keep the emittance of bunch train at 
the interaction point (IP) very small. Nowadays, a damping ring is the only well 
known injection machine which can provide low emiitance bunch trains to the main 
accelerator. During the acceleration from the exit of damping ring to IP, a train of 
electron (positron) bunch undergoes, however, single bunch emittance growth and 
multibunch emittance growth due to short range wakefield and long range wake-
field, respectively. Since the wakefields depend on exciting charges' positions with 
respect to the accelerating structure (and other machine components) centers, the 
misalignment errors of accelerating structures and quadrupoles with respect to the 
machine axis (which is the reference axis for all alignement error measurements) play 
important roles in the emittance growth processes. Knowing that it is the magni
tudes of wakefields which dominate the emittance growth, a machine designer has 
to use detuning and damping techniques to minimize the wakefields in accelerat
ing structures. It is difficult, however, to arrive at an unique optimization design 
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Figure 1: Constant impedance accelerating structure 

since the luminosity of a linear collider depends on enormous machine parameters. 
The co-existing of six independent projects (CLIC, JLC, NLC, SBLC, TESLA and 
VLEPP) with different machine parameters reflects this complexity. In this paper 
we will concentrate on the S-Band linear collider (3GHz) and restrict ourselves to 
the multibunch emittance growth process to appreciate the importance of different 
machine parameters to the final multibunch emittance growth. 

In section 2 we will first discuss detuned and damped accelerating structures 
which are the very fundamental components of the machine. In sections 3 and 4 
multibunch longitudinal and transverse dynamics are reviewed briefly. In section 5 
we propose to use Emittance Correctors (EC) at the end of main linac to correct 
multibunch transverse emittances in x and y plans. The emittance corrector in 
each plan consists of two BPMs and three travelling wave deflecting structures 
working on TMu mode. It is reckoned that this kind of emittance corrector will be 
indispensable for future linear collider. In section 6 numerical simulations are carried 
out to estimate multibunch emittance growth considering long range wakefields and 
considering structures, quadrupoles and BPMs misalignment errors. After having 
corrected the multibunch emittance by one-to-one trajectory correction (Dispersion 
Free and Wake Free corrections [1] have not been used), we use emittance corrector 
to reduce multibunch emittance further. It is shown that the proposed emittance 
corrector works well and it can reduce the multibunch emittance by about one order 
of magnitude. 

2 DETUNED AND DAMPED ACCELERATING 
STRUCTURES 

Before discussing detuned+damped structures, we make a review over the char
acteristics of a constant impedance accelerating structure shown in Fig. 1. The 
structure parameters, such as group velocity, shunt impedance, loss factor etc., can 
be expressed by analytical formulae [2]. The accelerating mode dispersion equation 
is expressed in eq. 2 

< e = < 4 / 2 , e ( l - t f e C O s ( 0 O ) ) (2) 
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Ul/2,e ~ w010 \ l + 3KhR*J*(u0i))
 ( 3 ) 

where the subscript e denotes electric coupling, woio >s the TA/oio mode angular 
resonant frequency of the pill-box before the coupling apertures are opened and 

(6) 

K*= 3nhRiJÏM
eXP(-Qed) ( 4 ) 

a e = ( ( 2 . 6 2 / a ) 2 - ( 2 ^ / A ) 2 ) 1 / 2 (5) 

where A is the wavelength in free space. The group velocity is 

vg,e _ 1 duBa,e _ ul/2t2a3Dsin(0o)exp(-<*e<I) 
c c dfia ~ 3nhR?Jf(v01)cueOie 

The accelerating mode shunt impedance is expressed as: 

***' ,R.,R^inWU2",X) (7) 

where a is the electric conductivity, /i is the magnetk permeability and 

r]eo = 2-Sm{0oh/2D) (9) 
0o 

The accelerating mode loss factor and wake potential are expressed as: 

, . Dril0Jl{uola/R) 
L(a> ~ 2e0^fi2J1

2(«oi) 
(10) 

W,,o(a,a) = 2kL(a) cos(w«0ie/cs)exp I — ^ ^ J (11) 

where s is the distance between the driving charge and the test charge and QQ is 
the quality factor of accelerating mode. 

Similarly we have all corresponding parameters for the TMu dipole mode. 

< < * = « 2 / a , i k ( 1 + * * « » ( * » ) > (!2) 

w W = " ? i o ( l - 3 ^ ^ ) ) (13) 

where the subscript h denotes magnetic coupling, wno is the TMuo modo angular 
resonant frequency of the pill-box before the coupling apertures are opened and 

j r t B ^ M B p ( ~ f l t J ) (H) 

ah = ((1.841/a)2 - (2TT/A)2) (15) 

The group velocity is 

vg,h _ 1 dwSlth _ ^ / 2 , / . 2 a 3 £ ) 8 m ( g i ) exp(-a hd) 
c ~ c dpg ~ 3nhR2J$(uii)cueuh 

(16) 
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The transverse shunt impedance of the passband corresponding to TMu mode is 
expressed as: 

DZ2u7 n2 / l \ 2 

«.„ = (!^ii)"' (18) 

where k = 2xf\. The loss factor and transverse wake potential of the TM\\ mode 
passband are expressed as: 

Wr l ( a , , ) = 2 ^ r
Q

(
2

Q ) s i n K . , ^ / c ) ( r cos (tf) - tf sin (dj) exp ( - ^ ) (20) 

where Qi is the quality factor of TM\\ mode. From eq. 11 and eq. 20, one 
knows that W2,o{a,s) and Wr,\(a,s) scale with J$(2ira/\) and (AJi {2ira/\)/air)2, 
respectively. 

The idea of making a detuned structure is to spread the higher order mode 
(HOM) wakefields' frequencies generated by the passing charge in an accelerating 
structure in a proper way, and in concequence, the total wakefield summed up 
over all the frequencies in a structure will decrease with the distance « between 
the exciting charge and testing charge. There are many different ways to detune 
a structure, such as uniform detuning [3], Gaussian detuning [3] and sinusoidal 
detuning [4]. The wakefields corresponding to these three cases are summarized 
here: 

1) Uniform detuning: 

2) Gaussian detuning: 

Wr,,o = 2<K>sin ( ^ ^ ) e~^s^txp ( - ^ f ) (22) 

3) Sinusoidal detuning: 

* , , . , < , > „•„ (*<£>•) JQ (ï£û) „„ ( _ ^ £ i ) (23, 

where K = ( $£,, ) i <* is iris radius, < / > is the average synchronous frequency, 
< Q >i is the average quality factor, A / is the full range of synchronous frequency 
variation, and crj is the rms width in Gaussian frequency distribution. 

To suppress the long range wakefields, another efficient way is to decrease the 
quality factor Q of corresponding HOM by coupling the HOM out of the acceler
ating structure. For a detuned structure all the HOMs have no passbands for the 
whole structure, and they are trapped inside the structure somewhere oscillating 
in standing wave modes. Assuming a HOM coupler is located somewhere on the 
structure as shown in Fig. 2 where the ith HOM's field strength in a cavity is indi
cated by the darkness of the shadow, the loaded Q of this HOM can be calculated 
as[S, 6, 7]: 

^ = T$ <24> 
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Figure 2: HOM coupler 

' $awbw{K(eQ) - £(e0))2 \ P0,i J 
(25) 

where the subscript i denotes the ith mode, aw and bw are the width and the height 
of waveguide, /i and I2 are the the lengths of the half-major and half-minor axes of 
elliptic coupling aperture, eg = 1 — (h/li)2, « = *o ((Ai/Ac)

2 — l) , ^ c depends 

on the coupling slot dimension, kg = 27r/A,-, kio = ko (l — (A/2a)2) , H\fi is the 
magnetic field parallel to li and Po,i is the power dissipated on the structure wall. 
For a given HOM coupler it is very important to know Hf j/Po.i for all the HOMs 
to be damped. 

The usual way to detune a structure is to change the iris radius and cavity radius 
of the structure at the same time in order to keep the fundamental mode working 
frequency unchanged while changing the HOM frequencies in a proper way. The 
variation of the structure parameters, such as group velocity, shunt impedance, loss 
factor etc., due to changing cavity dimensions can be estimated by the corresponding 
analytical formulae of constant impedance structure given above. 

3 LONGITUDINAL MOTION 
In the following each bunch in a bunch train will be considered as a macro particle 
with charge eNe- The longitudinal long range wakefield is expressed as [8]: 

W„ 
2 ^ î 2 £^ 

uiti.n = —j-{La - nAs) Y] kLqm - — As V , mkLq„ 
•ko ZZt ^0 ~r. 

(26) 

where As is the propagation distance of the wakefield from one preceding bunch to 
the next trailing one, and is equal to the product of group velocity and the time 
interval between two bunches, LQ is the structure length, and qm is the charge in 
the mth bunch. The total accelerating field seen by the nth bunch is 

En = E0cos<j>0 - kLqn + Wmulti,n (27) 

5 



•where E0 is the accelerating electric field, ^o is the accelerating phase, and the loss 
factor ki. are connected with shunt impedance as: 

4 v Qo ; 
(28) 

Finally, we have 

^ = ^ T (29) 
dz mod2 ' 

where trigc2 is the rest energy of electron. 

4 TRANSVERSE MOTION 
The transverse motion of a bunch train under the guidance of quadrupoles and 
under the influence of long range wakefields can be described as: 

Tz ( 7 " ( Z ) ^ ) + 7 - W 2 . » * » = ^ £ W T . I , X ((» " *)*<> «I (30) 
• = i 

where n is the number of bunch, At is the time interval between two bunches, Kq>n 

is the wave number of the betatron oscillation of the nth bunch, and X in WT,I,X 
represents U, G or S in eqs. 21 - 23. The efforts of finding analytical solution of 
eq. 30 have been made since BBU efTect was found in linear accelerators, and some 
of them are listed in refs. (9-14). For future linear colliders the long range transverse 
wakefields have been suppressed in detuned+damped structures, and therefore, the 
multibunch transverse displacements can be solved from eq. 30 approximately by 
perturbation method [14]: 

Xn{Z) = ( ^ ) fe) *°M'nM*»aW'» (31> 

a(z) is called BBU strength. 

sin(2ir <f> At) 

where 

9n = 2(cosh(Ç) - COS(2K < / > At)) 

1 -nAt/r. » ' " ( 2 T < / > (n + 1) At) - c-C«n(2nir < f > At) 
2 cos/i(C) - cos{2n < f > At) K ' 

where /?o and (3(z) are the values of /? functions at the beginning and longitudinal 
position z of the main linac, respectively, 70 and 7(2) are the normalized bunch 
energy at the beginning and longitudinal position z, respectively, XQ is the initial 
offset, ip(z) is the betatron oscillation phase advance. < / > is the HOM average 
frequency, Tj = < Q >\ /n < f > and C = A t / 7 / . Eq. 31 shows the general 
feature of the cumulative BBU: transient displacements of the beam are followed 
by a steady-state regime as stated in ref. 14. If Ç <g 1 gn can be simplified as 

sin(2n- < / > At) 
gn = 

2 ( l - c o s ( 2 ; r < / > At)) 

-nAt/r . cos{2xn < / > A t + 7 r < / > At)sin(n < / > At) . 
6 1 - cos(2;r < / > At) ( ' 
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Small emittance 

Xc 

• x 

Large emittance 

x is the deviation from machine axis and xc is the 
deviation from multibunch train weight center. 

Figure 3: Definition of emittances 

In this paper, however, we try to study multibunch emittance growth by numerical 
methods considering the misalignment errors of accelerating sections, quadrupoles 
and BPMs. 

Before passing to the nex<i. section we define two kinds of emittances, so-called 
large normalized rms emittance e£ r m , and small normalized rms emittance e% rm, : 

< ™ , = 2 (< r 2 X x'2 > - < xx' > 2 ) 1 / 2
 7 (35) 

«£.rm. = 2 ( < ( x - < X > ) 2 > < ( x ' ~ < * ' > ) 2 > 

- < {x- < x > ) ( * ' - < x' >) >a)1/»7 (36) 

where £%iTm, is measured with respect to the coordinates of machine axis and £* rmt 

is measured with respect to the coordinates of multibunch weight center as shown 
in Fig. 3. It is the small normalized emittance which will be used to calculate 
the luminosity since one can always take the multibunch weight center back to the 
machine center by means of optic transport manipulations. 

5 Emi t t ance Corrector (EC) 

At the exist of main linac we get definite multibunch emittances (x and y planes) 
which might be the results of different trajectory correction operations (one-to-one, 
DF, or WF) along the main linac. Facing to these resultant emittances can we 
do something more to reduce them further? In this paper Emittance Correctors 
are proposed to be used at the end of main linac. The idea of making emittance 
correction at the end of main linac comes out of the results of enormous numeri
cal simulations. II is found out that when the multibunch emittance is about one 
order of magnitude higher than the required value for a linear collider, the multi
bunch transverse position (x) distribution and derivative (dx/dz) distribution can 
be classified as two standard distributions for x and dx/dz, respectively, as shown 
in Fig. 4 and Fig. 5. In principle the multibunch positions and derivatives in 
two tanseverse phase spaces can be measured by at least four BMPs located at the 
exit of main linac. Imagining that all the bunches' transverse positions (z, y) and 
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Before correction 

Casel-P 

After correction 

,Nb 

CaseU-P 

Oap=2nTo,p/Tp 

Number of bunche 

After correction 

JL 
Nb 

Number of bunch 

Number of bunch 

Figure 4: Transverse bunch position distribution. 

derivatives (x' = dx/dz, rf = dy/dz) are corrected to be almost same, one can get 
multibunch emittances much smaller. In the following we discuss about only one 
transverse plan since the physics is same for the other plan. The proposed emit-
tance corrector is composed of a pair of travelling wave deflecting structure working 
on TM\\ mode and seperated by a drift space as shown in Fig. 6 which is used 
to correct multibunch transverse position spread (position corrector), and a single 
travelling wave deflecting structure of the same type as shown in Fig. 6 which is 
used to correct the multibunch derivative spread (angle corrector). In the following 
we will discuss position correction firstly and then angle correction. 

The transverse momentum gains from the two deflecting structures of position 
corrector are opposite in sign and equal in magnitude for each bunch, therefore, the 
elfect of this pair of deflecting structures is just changing the transverse position 
of passing bunches. The final multibunch transverse distributions is shown in Fig. 
4 (Case I-P and Case II-P, where P denotes position correction). In reality the 
continous line in Fig. 4 should be replaced by discret points which represent the 
multibunch locations. The principle of position correction corresponding to the two 
cases are described here: 
Case I-P: 

The phase velocity of the em field in the structure is chosen the same as that of 
light, and the synchronous rf phase is chosen at the crest of rf wave. The structure 
is filled with rf power within length Ld,P before the first bunch enters and the input 
rf power is just stopped at the moment when the first bunch enters the structure. 
The length filled with rf power satisfies the following relation: 

(37) 
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Casel-A 

After correction 

,Nb 

Case E-A 

Nb 

Oaa^2TTTo,a/TP 

Number of bunch 

After correction 

• * - • 
Nb 

Number of bunch 

Number of bunch 

Figure 5: Transverse derivative distribution. 

where the subscript p denotes position correction, vBtP is the gropu velocity of the 
deflecting structure, N(, is the bunch number in a bunch train, n, is the time duration 
of the bunch train, Ldp is the length filled with rf power and NC,P is shown in Fig. 
6. The synchronous magnetic field strength is 

B„ = 
AxW} 

ecLd,pLd, 
(38) 

where Ax is shown in Fig. 4, Wj is the final beam energy, Ld» is the length of the 
drift space between the two deflectors and c is the velocity of light. In practice the 
physical length of the deflecting structure can be longer than Ld,p in order to adapt 
to different situations. 

Case II-P: 
The dispersion curve of the deflecting structure is shown in Fig. 7 where frj 

is the rf source frequency, / 0 is the structure characteristic frequency at which the 
phase velocity of the structure is equal to that of light. The phase velocity of the em 
field in the structure is set different from that of light by shifting rf power frequency 
from /o to frf , and the rf phase of the first bunch is chosen to be $o,p shown in 
Fig. 7. Powering the structure in the same way as in Case I-P, we have 

r _ Vg.p^c,, 
Ld* ~ NT~ 

(39) 

The magnetic field felt by the nth bunch is 

Bn,p = BpFntPsin{2n(frItP - /„)(n - 1 ) ^ + $o,P) (40) 

9 



Ld,p 

TTTT 
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Three TM11 mode deflecting structures 
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TTTT 
l l i l 

TT 
lWJ 

Position corrector 

MINIM! 
ililUlLl 

Angle corrector 

Figure 6: Proposed emittance corrector (position corrector -{- angle corrector) 

where 

>f»<Wc,p 

if" >NC,P 

The frequency shift is 

BP 

Fn, 

frj 

AxW/ 
ecLd,pLda 

NCtP - n 

" ~ ' A T . , - 1 

Fn,p = 0 

,P — Jo — 7fr 
Jp 

(41) 

(42) 

(43) 

(44) 

After making the so-called position correction, one can make angle correction 
also if necessary. The derivative x' = dx/dz for each bunch can be determined 
by two BPMs seperatcd by a definite distance. Similar to multibunch transverse 
position distribution, multibunch transverse derivative distributions at the exit of 
main linac are shown in Fig. 5 (Case I-A and Case II-A, where A denotes angle 
correction). The structure is filled with rf power within length Ljt<l before the first 
bunch enters and the input rf power is just stopped at the moment when the first 
bunch enters the structure. The deflecting structure's parameters corresponding to 
the two cases are given here: 
Case I-A: 

The phase velocity of the em field in the structure is chosen the same as that 
of light, and the synchronous rf phase is chosen at the crest of rf wave. The length 
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Vp>C 

7 S* — vp=c 

\^=d(27rf)/dB 

1 fc. 
0 % 

• B D 

Figure 7: Dispersion curve of the deflecting structure working on TAfu mode. 

filled with rf power Ld>a satisfies the following relation: 

Ld>a= Nb 
(45) 

where the subscript a denotes position correction, Vg>a is the structure group velocity 
and Nc,a is shown in Fig. 5. The synchronous magnetic field strength is 

Ba 
_ bx'Wj 
~ ecLd<a 

where Ax and Ld,a are shown in Fig. 5. 

(46) 

Case II-A: 
The phase velocity of the em field in the structure is set different from that of 

light by shifting rf power frequency from /o to frj , and the rf phase of the first 
bunch is chosen to be $0 ,P shown in Fig. 5. Powering the structure in the same way 
as in Case I-P, we have the length filled with rf power Ld,a satisnng the following 
relation: 

Ld>a ~ Nb 

The magnetic field felt by the nth bunch is 

B„,a = BaFn,asin(2ir{frf,a - /o)(« - 1) jjT + *o,<.) 

where 

iin<Nc>a 

Ba = 

Fn,a — 
Ne,a - n 
Nc.a - 1 

(47) 

(48) 

(49) 

(50) 
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Figure 8: The layout of S-band linear collider. 

Table 1: Beam parameters at the exit of damping ring 
W{0)(GeV) dW/Wp Nb Ne 

2 x 10 lu 
/rep(Hz) n.(**s) 7CJ,v(m rad) 

=5" 3.15 0.112% 125 50 1000,50x10 

if n > Nc<a 

The frequency shift is 

^n,o — 
JVço - n 
Nc.a - 1 

frf.a — /o — jT 

(51) 

(52) 

where fr/,a is the rf source frequency. 
In practice there should be two sets emittance correctors, one for x direction 

and another for y direction. In the following we will take SBLC [16] as an example 
to calculate multibunch emittance growth due to long range wakefields, and finally, 
we will demonstrate the effectiveness of the proposed emittance corrector. 

6 THE LAYOUT OF SBLC 
The layout of SBLC is shown in Fig. 8. The beam parameters at the exit of 

damping ring are summarized in Table 1[1], where W(Q) is the electron (positron) 
energy, Nb is the number of bunches in a bunch train, Ne is the electron number 
in a single bunch, frep is the repetition rate of bunch train, T\, is the time duration 
of a bunch train, and 7fx,y are the normalized horizontal and vertical emittances, 
respectively. The lattice of the machine is scaled as {W(z)fW($))lt2 and the be
tatron phase advance per FODO cell is 90 degrees. In practice, since it is difficult 
to vary the length of accelerating structure this scaling law is only approximately 
satisfied step by step with the half lengths of FODO cells equal to the length of 
accelerating structure multiplied by an integer. If we take the accelerating structure 
length LQ = 6m and accelerating gradient EQ = 20MV/m, there will be 8 different 
types of FODO cell for the main linac from 3.15GeV to 250GeV as shown in Ta
ble 2. The total number of 6m long accelerating sections is 2058. Along the main 
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Table 2: Lattice for the main linac. 
The half length of FODO cell 

1L0 

2L0 

3L0 

4 I 0 

5L0 

6L0 

7L0 

8Io 

Number of 6m long accelerating section 
78 
64 
60 
58 
57 
55 
55 
55 

Table 3: Comparison of structure type A, B and C 
<rq (pm) 

5 
10 
15 
20 

£n.rm, {mrad) type A 
7.46 * 10~6 

1.48 *10~5 

2.7*10-* 
4.J+10-* 

fn.rm.(",rod) t y p e S 
1.96 *10" 6 

3.75 * 10"6 

7.34 * 10"6 

1.2*10-B 

etrm.inrad) type C 
8.4 * 10-8 

1.4 *10" 7 

2.7 * 10-'' 
4.8 * 10-7 

Mnac there are 485+28 quadrupoles (where the 28 quadrupoles are used for optical 
matching). 

In the following we will consider three kinds of Detuned+Damped accelerating 
structures: 
Type A) A 6m long accelerating structure which consists of 30 different uniform 
subsections (there are 6 identical cells in each subsection) whose loss factors have 
been calculated by mode matching method [16] and shown in Fig. 9. 
Type B) A structure similar to structure type A has, however, uniform dipole 
mode frequency distribution from /i = 4120MJ7s to ft — 4432.5M//* with A / = 
312.5MHz which is chosen to put trailing bunch at the long range transverse wake-
field nodes of the bunches in front of it. The loss factors are assumed to be the 
same for all frequencies, and equal to the average loss factor of structure type A. 
Type C) A 6m long uniformly detuned accelerating structure which consists 180 
different cells. The dipole mode frequency detuning range is same as that of struc
ture type B and the sum of the loss factors for all frequencies is equal to that of 
structure type A and type B. 

To show the dependence of long range transverse wakefields on differently de
tuned structures Fig. 10 gives the comparison between the long range transverse 
wakefields of structure type A and C where the wakefields reach the 10th bunch 
(160ns). Three types of S-Band linear collider using the above mentioned three 
types of structure are simulated numerically. In the simulation the magnetic dipoles 
installed in each quadrupoles are used to zero the down stream BPMs (located in the 
quadrupoles) readings and therefore make so-called "one-to-one" trajectory correc
tion. Assuming all misalignment errors having Gaussian distributions, and taking 
< Q >\= 2000, rms structure misalignment error a, = 20/im and BPM rms mis
alignment error o> = 5/im, we show in Table 3 the small normalized multibunch 
emittance growths with respect to different rms quadrupole misalignment error aq. 
Given < Q > i = 2000, a, = 20/im, a , = 20pm and CT(, = 10/xm, we show in Ta
ble 4 the small normalized multibunch emittance growths with respect to difFerent 
< Q > i . Each emittance value shown in Table 3 and Table 4 is the average over 
ten different machines corresponding to each one of the three types of structures. 
The term "different machines" here means that they have same rms misalignment 
errors, however, each type of error follows different Gaussian distribution. Fig. 11 
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Figure 9: The loss factors of structure type A. 

shows the quadrupole misalignment errors of two different machines with the same 
rms deviation (<rq = 20pm). It is interesting to represent Table 3 and Table 4 by 
figures, see Fig. 12 and Fig. 13. It is obvious to see that the performance of the 
structure type C is much better than that of type A. Fig. 14 and Fig. 15 show 
the small normalized multibunch emittance growth with respect to <xq and <Q >i, 
respectively, for ten different machines using structure type C. The point B in 
both figures represent average values. Now we will give more simulation results 
of structure type C. Fig. 16 and Fig. 17 show the multibunch beam properties 
along and at the exit of the main linac with a, = 20pm, <rq = 20pm, at, = 10pm 
and < Q >i= 2000. From Fig. 17 we know that multibunch energy spread due 
to longitudinal range wakefield is about 4.5% without using any energy correction 
scheme. 

In the following we will give two examples about emittance correction by us
ing the proposed Emittance Corrector. Taking the case shown in Fig. 17 as the 
first example, we make only position correction since the multibunch angle distri
bution is rather uniform. From Fig. 17 it is found that Nc,p = 37, Nb = 125 and 
Ax = 12.5pm. If one have chosen c/%,p = 200 and Lj, = 2m, for a properiate 
correction one finds that LjtP = 0.89m and cBp = 1.76.M V/m which correspondes 
to a very moderate rf input power. Fig. 18 shows the comparison of the multibunch 
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transverse position distribution and and phase saace before correction with those af
ter correction. It is found that after the position corrrectîon, mutltibunch emittance 
is reduced from £%<rTn, = 5.9 x 10"8(mrW) to £^<rm, = 5.4 x 10~9(mrad). Now 
we relax < Q > i from 2000 to 3000 and find out that e ^ r m , = 1.9 x lQ-7(mrad) 
before position correction which corresponds to 40% emittance growth. After posi
tion correction, however, one find e% rm, = 2.5 x 10~8(mrad) which corresponds to 
an acceptable emittance growth, 5%. Fig. 19 shows the comparison results. 

Taking structure type A as the second example, we will demonstrate how one can 
get a correctable multibunch transverse distribution and finally conduct emittance 
correction. Fig. 20 shows the multibunch transverse position distributions at 
the end of main linac corresponding to different < Q >i (10000, 5000, 1000, 300) 
with (7, = 20pm, <rq — 20pm and at, = 10pm. It is shown in Fig. 20 that by 
reducing < Q >i one can always get the transverse position distribution which is 
correctable. Assuming that the structure's first higher order mode < Q > i = 300, 
we make position correction and show the corrected results in Fig. 21 where e;J r m j 

has been corrected from 3.0 x I0~7mrad to 6.0 x lQ~8mrad. 

7 CONCLUSION 
The performance of an uniformly detuned+damped accelerating structure with its 
1C0 celle one different from another is much better than that of the accelerating 
structure with 30 different uniform subsections (each subsection contents 6 cells). 
Travelling wave deflecting structures working at TM\i mode have been proposed 
to be used at the exit of main linac to correct multibunch emittance growth, and 
numerical simulations demonstrate the effectiveness of this kind of Emittance Cor
rector. If structure type C is used to get multibunch emittance growth being about 
10% of that of single bunch, for a, = 20/im, aq = 5pm and o-j, = 5pm, the average 
dipole modes qulity factor <Q >i should be as low as 2000 without using position 
correction. However, < Q > i can be relaxed to 3000 if position correction is used. 
The emittance corrector proposed in this paper can be used in other types of linear 
colliders where the multibunch emit tances have to be reduced. 

The misalignment tolerances given above are little bit tight since DF and WF 
trajectory correction techniques are not used in this paper. 
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Figure 17: At the exit of the main linac: (a) multibunch position distribution; (b) 
multibunch derivative (dxfdz) distribution; (c) multibund: phase space, e%it.m, = 
5 x 10~8(mrod); (d) multibunch energy distribution. 
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Figure 18: At the exit of the main linac: (a) multibunch transverse position dis
tribution before position correction; (b) multibunch phase space before position 
correction, e £ r m , = 5 x 10~8(mrad); (c) muitibunch transverse position distribu
tion after position correction; (d) multibunch phase space after position correction, 
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Figure 19: At the exit of the main linac (< Q >i= 3000, and the other parameters 
are the same as those of Fig. 18): (a) multibunch transverse position distribution 
before position correction; (b) multibunch phase space before position correction, 
en rmi == 1-9 * 10~7(mrad); (c) multibunch transverse position distribution after 
position correction; (d) multibunch phase space after position correction, £n,rm« = 

2.5 x 10-8(mrad). 
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Figure 21: At the exit of the main linac: (a) multibunch transverse position dis
tribution before position correction; (b) multibuncb phase space before position 
correction, e* rm, = 3.0 x lQ~7mrad; (c) multibunch transverse position distribu
tion after position correction; (d) multibunch phase space after position correction, 
£n,rm. = 6.0 x IQ-Bmrad. 
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