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THE IMPACT OF LONGITUDINAL DRIVE BEAM JITTERON THE CLIC
LUMINOSITY

D. Schulte, E. J. N. Wilson, F. Zimmermann, CERN

Abstract

In the Compact Linear Collider (CLIC) now under study
at CERN, the RF power which acceleratesthe main beamis
provided by decelerating a high current drive beam. Errors
in the timing and intensity of the drive beam can turn into
RF phase and amplitude errors that are coherent along the
whole main linac and the resulting error of the final beam
energy, in combination with the limited bandwidth of the
beam delivery system, can lead to a significant loss of lu-
minosity. We discuss the stability tolerances that must be
met by the drive beam to avoid this loss. We also exam-
ine one of the most important sources of this jitter, which
stems from the combination of RF jitter in the drive beam
accelerator and subsequent bunch compression. Finally we
give details of a potential feedback system that can reduce
the drive beam jitter.

MAIN LINAC RFJITTER TOLERANCE

The RF can jitter in phase and amplitude; both result in
a change of the effective gradient. The RF jitter tolerance
is given by two main constraints. First, the luminosity loss
should be limited to less than 2%. Second, the energy jitter
should not lead to a significant widening of the luminosity
spectrum at collision. Since the mean RF phasein the linac
is about 15°, a coherent error of the RF phase all along the
main linac of 0.225° corresponds to an effective gradient
error of about AG /G ~ 10~2. Thefinal energy error and
the luminosity loss will be quite similar in the two cases.

In CLIC the single bunch RMS energy spread is about
op/E ~ 3.5 x 1073, Consequently a beam energy jitter
of ojire/E =~ 1 x 103 leads to a negligible broadening
of this spread, while o;:+/E = 2 x 1073 resultsin proba-
bly acceptable but noticeable change of the total spread to
op/E ~4x1073. Weprefer toamfor o, /E < 1073,

To estimate the luminosity loss resulting from the RF
jitter integrated simulations of the main linac, beam de-
livery system and beam-beam interaction have been per-
formed, using PLACET [1] and GUINEA-PIG [2]. It has
been found that the jitter tolerance arising from the lumi-
nosity loss due to multi-pul se emittance growth in the main
linac is more relaxed than that from the above energy sta-
bility [3]. However, the limited bandwidth of the current
beam delivery system results in a tighter energy error tol-
erance of oj;1:/E = 0.7 x 1073 for 2% luminosity reduc-
tion [5], see Fig. 1. Thislimitation is to alarge extent due
to the collimation system. Removing it from the simulation
yieldsatolerance of ;¢ /F = 1.2 x 1073.
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Figure 1: The relative luminosity as a function of a coher-
ent gradient error in the main linac.

Table 1: Some important drive beam parameters.

parameter symbol unit | value
particles per bunch N [1019] 6
energy before DBA Ey [MeV] 50
energy after BDA Ey [MeV] | 2000
bunch length before DBA 02,0 [mm] 4
bunch length after DBA Oa,¢ [mm] | 04

DRIVE BEAM TOLERANCES

The RF phase and amplitude in the main linac depends
directly on the drive beam; the drive beam intensity and
phase tolerances are hence 67/1 < 103 and §® < 0.225°
(equivalent to 6z < 6um), respectively. After a short
overview of the drive beam generation system one of the
main jitter generation mechanisms will be discussed, fo-
cusing on coherent errors of the whole drive beam.

The drive beam is generated in a complex that is lo-
cated centrally between the two linacs, for parameters see
table 1. Each 92us long drive beam pulse is produced in
the drive beam injector complex and then accelerated in
the drive beam accelerator (DBA), with an RF frequency
of 30.0/32GHz = 937MHz. In adelay loop the pulse is
then split into 130ns long sub-pulses. At the end of the
delay loop these pulses are pairwise merged forming new
pulses of 130ns length but with twice the previous bunch
frequency. Intwo following combiner rings 16 of these new
pulses are again merged, increasing the beam intensity as
well as the bunch frequency by another factor of 16. Each
of the generated 22 pulses is then sent through a transport
line to the start of one drive beam decelerator, where it will
arrive in time to produce the RF power needed for the main
beam.
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Table 2: The parameters of the two drive beam bunch com-
pression stages. Thetolerancesfor a coherent error causing
an energy error in the main linac of 0E/E; = 0.001 are
aso given. Full beam loading was assumed.

variable unit first second
Ly [m] 2 16
Gi | [Mvim] | 13 13
b1 [°] 60 -60
Rl | [m/MV] | 0.0022 | -0.00025
SN/N | [1073] 0.3
0z [pm] 70
(SE()/EO [10_3] 6
§G/G | [1074 | 200 2.8
5¢ [°] 0.8 0.01

Short bunches of o, ~ 0.4mm are required in the de-
celerators for efficiency, while the drive beam bunches are
likely to be aslong as 0. o ~ 4mm [6] at injection into
the DBA. The required bunch compression can turn en-
ergy errors into longitudinal bunch position and hence RF
phase errors. If all the compression were performed af-
ter the DBA without further RF one would require a to-
tal compression Rss = 0.4m for the maximum allowed
correlated beam energy spread of o /E = 0.01. The
drive beam mean energy error tolerance would then be
SE/E ~ 1.6 x 10~°, putting strong limits on the DBA RF
phase and gradient tolerance; also the beam current needs
to be stable to thislevel, since the DBA is fully loaded.

To develop afirst order concept of the bunch compres-
sion system a simple program has been devel oped to simu-
late longitudinal drive beam effects. It takes the single and
multi-bunch beam loading into account and assumes com-
pression chicanes and bends which couple only the lon-
gitundinal particle positions and energies linearly with a
given Rs5¢. With the bunch compressor detailed intable 2, a
number of tolerances can be largely relaxed. The compres-
sor uses opposite RF phases in the two stages, and is op-
timised to be independent of the initial energy error of the
bunches. The charge stability tolerance is somewhat tighter
than that required from the amplitude stability (1073). It
can berelaxed if structures with lessthan 100% beam load-
ing are used; reducing the loading to 75% (in power) would
increase the tolerance to SN/N = 6 x 10~* and require
only ~ 30% more compressor power.

The remaining tight tolerance is the RF phase stability;
this is unavoidable because the RF phase defines the fina
timing of the bunches. It could only be avoided if no bunch
compression were required, e.g. by using an RF injector
that could produce bunches with o, < 0.4mm. However,
it is not obvious that such an injector can be constructed.
Also thelongitudina jitter tolerance for the bunches of this
injector would be very tight, namely 6z < 6um.

Thetolerance of the main beam to alongitudinal shift of
the whole drive beam pulse can be largely improved by us-
ing the drive beam to generate the power for the main beam
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Figure 2: The maximum main beam final energy error due
to the drive beam phase jitter resulting from an RF phase
error of 0.01° in the second drive beam bunch compressor
stage as a function of the frequency of the RF error. The
results for an RF amplitude error in the same stage of 2.8 x
10—* are comparable.

bunch compressors. If the bunch compressor beam loading
effects are small, the main beam bunches will aways be
set to the same drive beam phase. If one drive beam gen-
erator is used for both main linacs, even the relative timing
between the electron and positron beam will be correct.

If an error is not coherent along the whole drive beam
pulse, the effect on the main beam is more complicated
since the effect of the merging of drive beam sub-pulses
needs to be included. In this case, the effect of most fre-
guencies averages out, except for those close to harmonics
of the sub-pulse frequency firqin = 1.0/130ns. The main
linac energy variation is shown in Fig. 2 for the important
example of a0.01° klystron RF phase jitter of the second
bunch compressor stage. The bunch compressor structures
were modelled as constant impedance structures with no
losses. A fill time of twice the sub-pulse length (260ns)
was used. This efficiently suppresses the dangerous har-
monics of the sub-pulse frequency. As can be seen, the ef-
fect is strongly reduced for high frequencies. But the tight-
est low frequency tolerance is 0.013° and is barely visible
in the figure. However, these low frequency errors can be
controlled using a feedback on the klystron level [7].

PHASE COMPENSATION FEEDBACK

Another improvement of the tolerances can be expected
from beam-based feedback. First, the phase of the RF
needs to be measured. This can be achieved by fully com-
pressing the beam and measuring its phase. The bunches
will then need to be uncompressed again and recompressed
before the decelerator. This would be a convenient choice
if the beam is fully compressed in the DBA. Another op-
tion would be to measure the phase and the beam energy
error in adispersive point, so that one can predict the phase
after compression. One can also measure the phase at two
points which are separated by some Rsg. Several possibli-
ties exist to correct the measured phase error, e.g. one can
modul ate the beam energy by use of an accelerating struc-
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Figure 3: An example layout of a phase feedback.

ture before the final bunch compression. Or one can use
transverse deflectors to introduce a half-sine-wave pertur-
bation in the central orbit in adispersive and anisochronous
section of beam line. To first order the path length between
the deflectors will be proportiona to the amplitude of the
deflection. The amplified measured phase signal must ar-
rive at the deflectors before the beam. Such afeedback can
be placed in many locations, e.g. before or after the com-
biner rings or at each turn-around that bends a drive beam
pulse into a decelerator; the optimum will have to be de-
termined. Here we present the example of the feedback in
the final turn around, with the detector before and the de-
flectors in a chicane of four bending magnets as shown in
Figure 3.

This chicane would contain bends to convert transverse
deflection to path length. It would have to be achromatic
and isochronous in its overall properties to avoid compres-
sion or further phase errors. However, it would contain a
non isochronous section between the defl ectors that need to
be spaced in betatron phase by exactly . It would be con-
venient if the total bending angle would be zero to preserve
the line of the turned around beam.

To introduce significant path length, the bending angles,
6, in the chicane must be large since they contribute aterm
proportional to 4 sin @ to the ratio between path length and
deflection. The focusing lattice into which the magnets are
embedded is not trivial and must be chosen to have two
points exactly 7 apart for the deflectors.

A much simpler alternative is to place the deflectors in
the final quadrant of the turn-around lattice thus saving the
need for an additional chicane. In order to demonstrate the
feasibility we chose the final quadrant of the combiner ring
lattice, which is achromatic and isochronous from end to
end. It is rather easy to find two places for the deflectors
which are exactly 7 apart, (D1 and D2) in Fig. 3.

For the matrix element that relates horizontal deflection
to path length, wefind Rss = As/Az’ = —0.756m, using
MADS to compute this value from D1 to D2. This would
provide arange of path length adjustment of +100um with
deflectors of +-0.13mrad.

The transverse defl ectors we consider are based upon an
S-band structure designed for use as part of an RF separator
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Figure 4: The lattice of the feedback.

project [8]. The use of wall mounted stripline deflectors or
fast pulsed magnets could be feasible, such asthose used in
the TESLA damping ring. A 15GHz scaled down version
of the S-band deflecting cavities has been calculated[9]. It
has an aperture of 9.4mm and a length of 0.65m; with an
input power of 1.82kW it could deflect the 2GeV beam by
0.13mrad.

CONCLUSION

The longitudinal jitter of the CLIC drive beam has to
be strictly limited in order to avoid significant luminosity
loss. One of themain sourcesfor such jitter isthe combined
effect of energy errors during drive beam acceleration and
the bunch compressor. Some examples of means to cope
with the problem have been shown.
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