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Abstract 

A bunch compressor design for the Next Linear CoUider 
(NLC) is described. The compressor reduces the bunch 
length by a factor of 40 in two stages. The fkst stage at 
2 GeV consists of an rf section and a wiggler. The second 
stage at 10 GeV is formed by an arc, an rf section, and 
a chicane. The final bunch phase is insensitive to initial 
phase errors and to beam loading in the intermediate S 
band pre-linac. Residual longitudinal aberrations of the 
system are partially compensated. The bunch compressor 
encompasses a solenoid spin-rotator system at 2 GeV that 
allows complete control over the spin orientation. 

I. INTRODUCTION 
The purpose of the NLC bunch compressor is to re- 

duce the bunch length, which is about 4 mm at extraction 
from the damping rings, to 100 pm, suitable for injection 
into the main X-band linac. The bunch compressor may 
have to compensate bunch-to-bunch phase errors due to 
beam-loading in the damping ring unless the latter is com- 
pensated by some other means. This requires a rotation by 
T 12 in the longitudinal phase space so that phase errors are 
converted into energy errors. The compressor also has to 
compensate for beam-loading effects originating in its var- 
ious accelerating sections, and it provides a trombonelike 
arm, reversing the direction of the beam before injection 
into the main linac. This gives space for abort systems, 
allows feed-forward from the ring to the linac, and facili- 
tates future upgrades. Furthermore, the bunch compressor 
includes a spin-rotator system, and provides tuning ele- 
ments and diagnostics to correct dispersion and coupling. 
To determine the optimum parameters of the system, three 
different scenarios are considered, denoted NTX I, NLC II 
and NLC 111, corresponding to different upgrade stages (see 
Table I). [l] 
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Figure. 1. Schematic of the NLC bunch compressor. 

The parameters of the cornpressor system are chosen 
such that, first, the energy spread at the end of the X- 
band linac is smaller than the bandwidth of the final focus 
system; second, no signiscant energy tails are generated; 
and third, both the mean energy and the energy spread 
at the end of the linac are insensitive to phase and energy 
errors resulting from beam loading in damping rings and 
pre-linac, respectively. The phase error at extraction from 
the damping ring may be as large as 20" Sband (or 6 mm), 
while at the end of the pre-linac the energy variation over 
the bunch train due to multi-bunch beam loading is about 
0.15% [3]. Tolerance on the phase at the exit of the second 
compressor is [Az[ < 10 pm to limit the relative energy 
change at the end of the main linac to 0.1%. 

The design of the two compressor stages is decribed in 
Section II. Section I11 is devoted to residual longitudinal 
aberrations and their compensation. Section N discusses 
the final beam distribution expected from simulations; Sec- 
tion V discusses the spin rotator system. Tuning elements 
are described in Section VI. 

The proposed bunch compressor comprises two stages 
and an intermediate S-band pre-linac that accelerates the 
beam from 2 GeV to 10 GeV [2]. The design is illustrated 
in Figure 1. 
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11. COMPRESSOR STAGES 
The Grst stage (BCl), at 2 GeV, consisting of an rf 

and a wiggler section, rotates the beam by 90 degrees in 
the longitudinal phase space, to convert initial phase er- 
rors due to beam loading in the damping ring into energy 
errors, and reduces the bunch length by roughly a factor 
of 10, from about 4 mm to 500 pm. This compression is 
realized by an rf section that generates a 6-2 correlation, 
followed by a bending section with energy-dependent path 
length. In this case the bending section is a wiggler con- 
sisting of four 90" cells with quadrupoles at zero dispersion 
points [2]. For a given rf frequency (here L-band), all other 
parameters are determined by the incoming beam. If the 
initial energy spread is 5 % the desired bunch length is 
obtained with = 0.5 m. Parameters are listed in Table 
II. In the table, the terms ya and yq denote the alignment 
tolerances for accelerating structures and quadrupoles due 
to a 1% emittance dilution from singlebunch wakefields or 
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Figure. 2. Energy profile at the end of the main linac for 
NLC I and NLC I11 (Table I), and no initial phase error. 

elements, and single-bunch longitudinal wakefields. A d is  
tribution of particles as extracted from the damping ring is 
tracked through the different compressor subsystems and 
the main X-band linac. The full-width-half-maximum en- 
ergy spread for zero-phase error was chosen to be roughly 
0.6%. The simulations show that even for NLC 111 the fi- 
nal average energy and the rms energy spread at the end 
of the main linac vary by less than 0.1% for initial phase 
errors up to 20" Sband. Figure 2 illustrates the energy 
profile at the end of the main linac for no initial phase er- 
ror. A deformation of the distribution for NLGIII, due to 
the increased wakefields in the pre-linac, is clearly evident. 

V. SPIN ROTATOR 
The spin-rotator system located between the damping 

ring and BC1 (see Fig. l), is constructed from two solenoid 
pairs separated by a 19.83" mini-arc [9]. The two solenoids 
of each pair are separated by a reflector beamhe, whose 
horizontal and vertical transfer matrices are +I and -I, 
respectively. This cancels the x-y coupling independent of 
solenoid settings. Each solenoid pair is capable of providing 
a 90" spin rotation about the longitudinal axis, while the 
mini-arc rotates the spin by 90" around the vertical axis. 
In this way arbitrary control over the spin orientation is 
provided. Relative depolarization in the compressor arc 
at 10 GeV is less than 1.6%, and total R56 of the rotator 
arc is -40 mm, with no effect on the bunch length after 
BC1. The chromatic emittance dilution at 0.1% rms energy 
spread is -0.5%. 

VI. TUNING AND DIAGNOSTICS 
Extensive simulations of tuning and correction schemes 

have been performed for the spin rotator and for BC1. So 
far little work has been done for BC2. Corrections in BC2 
are not expected to be dficult. 

The large energy spread after BC1 sets tight tolerances 
on the residual dispersion, e.g., the maximum tolerable dis- 
persion for a 2% emittance dilution is about 175 p behind 
BC1. Therefore, two orthogonal -I pairs of quadrupoles 
and skew quadrupoles are placed at large dispersion points 
in the wiggler section of BC1 for dispersion correction. Two 
more skew quadrupoles, separated by a phase advance of 
go", are located in the mini-arc section of the spin rotator. 
These quadrupoles cancel dispersion generated in front of 
the BC1 rf section. Cross-plane coupling generated in the 
damping ring or dueto imperfections in the rotator system 
is compensated by a skew correction section (SCS). The 

SCS follows the spin rotator and contains 4 orthonormal 
skew quadrupoles (orthogonal and equally scaled) that al- 
low complete decoupling. Four variable quadrupoles match 
the beam extracted from the damping ring to the rota- 
tor optics. To maintain the periodic beta functions in 
the spin rotator itself for varying solenoid fields, two four- 
quadrupole beta-matching sections are located in front of 
and behind the mini-arc. In addition several matching 
quadrupoles are found between SCS and BC1 and following 
BC1. The rf in BC1 may be turned off to ease beta match- 
ing and decoupling. A correction of second-order dispersion 
is necessary only if the vertical emittance dilution due to 
first order dispersion mismatch is larger than a factor of 
ten. In that case four paired skew sextupoles are added 
to the wiggler section. Four wire scanners at 45" phase 
advance intervals are located behind the wiggler and used 
to adjust the above correctors by minimizing the projected 
emittance. In addition wire scanners placed at high disper- 
sion points in mini-arc and wiggler measure the extracted 
energy spread and bunch length, respectively. Tuning sim- 
ulations with the SLC flight simulator [lo] for an initial 
emittance dilution by a factor 200, due to rms quadrupole 
field errors of 1% and rms dipole roll errors of 0.25", result 
in a final emittance dilution of less than 2%. This tuning 
procedure would require about 16 hours of real machime 
time. 

VII. CONCLUSIONS 
A design of a two-stage bunch compressor for the NLC 

has been described that meets all specifications, as far as 
singlebunch dynamics is concerned. A singlestage com- 
pressor does not appear to be a viable alternative. Multi- 
bunch effects in the compressor have not yet been studied 
in detail. Also the optimimum bunch shape at the exit of 
BC2 still needs to be determined. A larger value for the 
gg matrix elements of arc and chicane is desirable, since 
it would allow a length reduction of the rf section in BC2. 
It is not yet known if the increased sensitivity to initial 
phase errors and to energy-errors the Sband pre-linac 
would be tolerable. 
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