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Abstract

Multibunch emittance growths caused by long range wake-
fields with the misalignments of accelerating structures
and quadrupoles in S-Band linear collider are studied. At
the end of main linac, emittance corrector (EC) is pro-
posed to be used to reduce further the multibunch emit-
tance. 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

Multibunch emitance growth is a characteristic problem
in future linear colliders. In order to get a small multi-
bunch emittance growth accelerating structures should be
detuned and damped, beam position monitors have to be
installed along the main linac and the electron bunch tra-
Jectories have to be corrected by means of ”one-to-one”,
"dispersion free” and ”wake free” corrections[1]. In this
paper we propose to use an emittance corrector (EC) at the
exist of main linac to reduce further the multibunch emit-
tance. S-band linear collider has been taken as an exam-
ple to demonstrate the effects of this emittance corrector.
Numerical simulations are carried out to estimate multi-
bunch emittance growth considering long range wakefields
and considering structures, quadrupoles and BPMs mis-
alignment errors. After having corrected the multibunch
emittance by one-to-one trajectory correction (dispersion
free and wake free corrections have not been used), we use
emittance corrector to reduce multibunch emittance fur-
ther. It is shown that the proposed emittance corrector
wcrks well and it can reduce the multibunch emittance by
about one order of magnitude.

2 EMITTANCE CORRECTOR (EC)

At the exist of main linac we get definite multibunch emit-
tances (z and y planes) which might be the results of dif-
ferent trajectory correction operations (one-to-one, DF, or
WF) along the main linac. Facing to these resultant emit-
tances can we do something more to reduce them further?
In this paper Emittance Corrector is 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 re-
sults of enormous numerical simulations[2]. It is found out
that when the multibunch emittance is about one order
of magnitude higher than the required value for a linear
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Figure 1: Transverse bunch position distribution.

collider, the multibunch transverse position (z) distribu-
tion and derivative (dz/dz) distribution can be classified as
two standard distributions for z and dz/dz, respectively,
as shown in Fig. 1 and Fig. 2. In principle the multi-
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Figure 2: Transverse derivative distribution.

bunch 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 derivatives (z' = dz/dz,
Y = dy/dz) are corrected to be almost same, one can get
multibunch emittances much smaller. In the following we
discuss about only one transverse plane since the physics
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Figure 3: Proposed emittance corrector (position corrector
+ angle corrector)

is same for the other plane. The proposed emittance cor-
rector is composed of a pair of travelling wave deflecting
structure working on T'"M;; mode and seperated by a drift
space as shown in Fig. 3 which is used to correct multi-
bunch transverse position spread (position corrector), and
a single travelling wave deflecting structure of the same
type as shown in Fig. 3 which is used to correct the
multibunch derivative spread (angle corrector). In the fol-
lowing we will discuss position correction firstly and then
angle correction.

The transverse momentum gains from the two deflect-
ing structures of position corrector are opposite in sign and
equal in magnitude for each bunch, therefore, the effect of
this pair of deflecting structures is just changing the trans-
verse position of passing bunches. The final multibunch
transverse distributions is shown in Fig. 1 (Case I-P and
Case 1I-P, where P denotes position correction). In reality
the continous line in Fig. 1 should be replaced by dis-
cret 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 cho-
sen the same as that of light, and the synchronous rf phase
is chosen at the crest of rf wave (for example). The struc-
ture is filled with rf power within length Ly, 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:

vg,p T Ne,
Lyp = —-—g”Nb SP (1)

where the subscript p denotes position correction, v, 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, Ly, is the length filled with rf power and
N.p 18 shown in Fig. 1. The synchronous magnetic field

strength is
AzWy

CCLd_p Ld,

p = (2)
where Az is shown in Fig. 1, Wy is the final beam energy,
Ly, is the length of the drift space between the two deflec-
tors and c is the velocity of light. In practice the physical
length of the deflecting structure can be longer than Ly,
in order to adapt to different situations.

Case 1I-P:

The phase velocity of the em field in the structure is set
different from that of light by shifting rf power frequency
from fy to fry (where fr; is the rf source frequency, fo is
the structure characteristic frequency at which the phase
velocity of the structure is equal to that of light), and the
rf phase of the first bunch is chosen to be ®q,. Powering
the structure in the same way as in Case I-P, we have

Lay = 22 3)

The magnetic field felt by the nth bunch is

. n
B p = BpFp psin(2n(frs,p — fo)(n — 1)Fb +®op) (4)

where AW
_ Vs
P ECLd'pLd, (5)
ifn< Nep
Ney,—n
Fa=—22 6
n,p Nc,p -1 ( )
ifn>Nc,
Frnp=0 ™
The frequency shift is
1
frrp—Jo= T (8)
P

After making the so-called position correction, one can
make angle correction also if necessary. The derivative
z' = dz/dz for each bunch can be determined by two
BPMs seperated by a definite distance. Similar to multi-
bunch transverse position distribution, multibunch trans-
verse derivative distributions at the exit of main linac are
shown in Fig. 2 (Case I-A and Case II-A, where A denotes
angle correction). The structure is filled with rf power
within length Lg, 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 filled
with rf power Lg . satisfies the following relation:

Vg,aTch a

Ld.a = Nb (9)
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where the subscript a denotes position correction, V; 4 is
the structure group velocity and N 4 is shown in Fig. 2.
The synchronous magnetic field strength is

_ AW,

B, =
echla (10)

where Az and L4, are shown in Fig. 2.

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 fo to fr; , and the rf phase of the first bunch is chosen
to be ®g 4 shown in Fig. 2. Powering the structure in the
same way as in Case I-P, we have the length filled with rf
power Lg , satisfing the following relation:

=SS0 (11)
The magnetic field felt by the nth bunch is

Bn.a = BaFn asin(21(frs.a — fo)(n — 1);,—: +®0.4) (12)

where
A.’L"W/
B, = — 1
ecLgq (13)
if n < N¢a
_Nea—n
ne = T (14)
ifn> Nea
Fra=10 (15)
The frequency shift is
T (16)
rf,a 0= Ta

where fr 4 is the rf source frequency.

In practice there should be two sets emittance correc-
tors, one for x direction and another for y direction. In
the following we will take SBLC[3] as an example to calcu-
late multibunch emittance growth due to long range wake-
fields, and finally, we will demonstrate the effectiveness of
the proposed emittance corrector.

The accelerating structure is 6m long detuned+damped
structure (180 cells are different from each other). Now
taking @ = 3000, rms structure misalignment error o, =
20pm, rms quadrupole misalignment error oy = 20um
and rms BPM misalignment error o, = 10um, we find
at the end of main linac normalized multibunch emit-
tance €nrms = 1.9 x 1077 (mrad) before position correc-
tion which corresponds to 40% emittance growth com-
pared with the total emittance at the exit of damping
ring. After position correction, however, we find €,,rm; =
2.5x10~8(mrad) which corresponds to an acceptable emit-
tance growth, 5%. Fig. 4 shows the simulation results.
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Figure 4: At the exit of the main linac (a) multibunch
transverse position distribution before position correction;
(b) multibunch phase space before position correction,
Engme = 19 X 10‘7(mrad); (c) multibunch transverse
position distribution after position correction; (d) multi-
bunch phase space after position correction, €prms =
2.5 x 10~8(mrad).

3 CONCLUSION

The emittance corrector proposed in this paper works well
and can be used in other types of linear colliders where
the multibunch emittances have to be reduced. The mis-
alignment tolerances given above are little bit tight since
DF and WF trajectory correction techniques are not used
in this paper.
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