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Abstract

We describe a new bunch compressor chicane for the
SLAC linac, which will be used in conjunction with other
existing systems, to generate 30-fsec long, 30-GeV
electron bunches with up to 30-kA of peak current. The
new compressor is a four-dipole chicane located at the
1/3rd point in the linac. It should be installed by October
of 2002. The chicane adds a second stage of compression
to the linac, where the existing damping ring with its
present bunch compressor form the first stage. With this
new second-stage compressing from 4 psec to 160 fsec
rms, the existing FFTB beamline can easily be adjusted to
serve as athird stage and alow final compression down to
aminimum of nearly 30-fsec rms. We describe the design
considerations of the chicane, which is used to enhance
plasma wakefield experiments and also to support the
production very high brightness short pulse x-rays.

1 INTRODUCTION

The electron bunch from the SLC damping rings (DR)
and existing RTL (ring-to-linac) compressor can be much
further compressed in length by adding a 4-dipole chicane
inthe SLAC linac at sector-10 at 9 GeV (the 1-km poaint).
Particle tracking shows that a 12-um long rms bunch
length can be generated in the FFTB (Final Focus Test
Beam) beamline by compressing to 50 um in this new
chicane, and then by further compressing using the
existing FFTB bends at 28 GeV [1]. The short electron
bunches will be used in plasma wakefield experiments [2]
as well as to produce short pulse x-rays from spontaneous
radiation generated in an undulator [1]. This note
describes the details of the chicane design, including
installation issues; diagnostics; vacuum  chamber
impedance issues; system tuning; and tolerances.

2 CHICANE

2.1 General Layout
The chicane design and location are set by the
following goals:
1) should not interfere with PEP-I1 B-factory operations,
2) can be bypassed for fixed-target operations,

3) should not require removal of more than one
klystron’s accelerating structure (12 m),
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4) should not increase the damping ring horizontal
emittance (&, = 50 #m) by more than 10-20%,

5) compression must be linear enough to allow a 50-um
minimum rms bunch length at the end of the chicane.

Point-1 places the chicane down-beam of linac-location
10-4 at 9 GeV, where electrons are extracted to the PEP-I11
injection bypass line. Point-2 addresses vacuum chamber
requirements. Points 3 & 4 dictate bend angle and magnet
length requirements. Point-5, in conjunction with the
longitudinal pre-chicane linac wakefield, constrains the
bunch charge and post-RTL bunch length.

A 4-dipole chicane which accomplishes these goals is
being constructed at SLAC for commissioning in Oct.
2002. The chicane is drawn in Figure 1 with symbol
definitions and more parameters listed in Table 1. The
magnet orientations are yawed by 6/2 to reduce the
maximum trajectory excursion from pole centers,
loosening field quality tolerances.
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Figure 1: Four-dipole chicane with symbol definitions.

Table 1: Four-dipole chicane parameters at sector-10.

parameter symbol | value | unit
electron energy E 9.0 GeV
linear rms energy spread Os 1.6 %
initial rms bunch length oy 1.16 mm
x/y norm. rms emittances ¥edye, | 50/5 um
momentum compaction Rsg —75 mm
bend angle per dipole |4 96.2 | mrad
bend radius per dipole 1ol 18.3 m
field of dipole magnets | Bl 1.60 T
peak dispersion Tlok 0.444 m

The compression factor is the momentum compaction
(Rsg) and is given approximately by
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where the symbols are taken from the figure and 8<<1.
At 9GeV it is also important to consider synchrotron
radiation effects. The bend-plane emittance growth from
incoherent synchrotron radiation (ISR) is given by
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where 3 and 3 are the horizontal maximum and
minimum beta functions (55 m and 5m), respectively,
along the chicane. This sets the bend length at Lg = 1.8 m
for an ISR emittance growth of 8%.

Particle tracking (Figure 2) from damping ring exit
(1.19 GeV) to FFTB beamline (28.5 GeV), including S-
band rf structure longitudinal wakefields, is used to
optimize the system design and choose the bunch charge
and RTL compressor voltage settings. A bunch charge of
3.5nC (N=2.2x10") in the DR and an RTL compressor
voltage of 40.8 MV allows maximum compression in both
the chicane (I, =9 kA) and the FFTB (I, = 30 kA). The
choice of charge is important since it scales the wakefield
in the 810 meters of linac leading up to the chicane. This
wakefield, and an off-crest rf phase of 20.3°, provides a
nearly linear energy chirp at chicane entrance (4" row of
Figure 2). The linearity is also improved by choosing the
RTL compressor voltage to over-compress the bunch at
the linac entrance (3" row), forming a more uniform
temporal pulse than would be possible with under-
compression. After chicane compression (5" row), the
bunch is further chirped by the wakefields of 1872 meters
of linac beyond the chicane. This chirp at 28.5 GeV (6"
row) is 1.5% rms and completely determined by the
wakefield. This is achieved with an rf phase nearly on
crest (4° for PEP-11 € compatibility). After the existing
FFTB bends, the bunch is compressed to almost 30 kA (7"
row). The bunch has temporal tails, but its core has an
rms length of 10.4 um (gaussian fit), or 35 fsec rms with
2.1x10" electrons (a loss of 5% is typical and is included
in the RTL beamline).

2.2 Coherent Synchrotron Radiation

The effects of coherent synchrotron radiation (CSR) in
the chicane have been estimated using a 1-D line-charge
model to calculate the longitudinal fields and then apply
them to the 6-D particle motion. The code is based on
references [3] and [4].

The energy loss, spread, and bend-plane emittance
growth induced by CSR are shown in Figure 3, plotted
along the chicane. A 5-meter drift is added after the
chicane to show loss and spread after the final bend. The
emittance increase is 4% due to longitudinal CSR effects.
The net increase including both ISR and CSR is 10%
(9&¢=50 um). CSR micro-bunching effects [5] cannot be
observed here since the uncorrelated energy spread and
horizontal emittance from the DR are too large.
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Figure 2: Longitudinal phase space progression through linac
(row-1: DR exit, row-2: after RTL rf, row-3: after RTL bends,
row-4: at chicane entrance, row-5: after chicane, row-6: at linac
end, row-7: after FFTB bends).
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Figure 3: CSR-induced relative energy spread (top/magenta),
loss (top/blue), and horizontal emittance growth (bottom/blue).

2.3 Chicane Design and Tolerances

The large horizontal beam size in the chicane (up to
7 mm rms) and the small transverse emittances from the
damping rings require very good dipole field quality
across especially the inner two bend magnets (B2 & B3).
The field component tolerances, to control the emittance
growth to <2%, are listed in Table 2 with |b;/bo| as the
2(i+1)-pole tolerance at x =rq (€.9., | = 2 is sextupole).

Table 2: Field quality tolerances for chicane dipole magnets
evaluated at aradiusr, = 10 cm.

parameter symbol | B1/4 | B2/3 | unit
dipolefield error [Abg/bg| | 0.1 0.1 %
quadrupole error [b1/bo| 0.3 0.02 %

sextupole error
octupole error
decapole error

botbol | 10 | 02 | %
bobol | 20 | 10 | %
babol | 40 | 20 | %

Similar to CSR effects, other longitudinal wakefields in
the chicane can generate energy spread and therefore
emittance growth. Two such wakes are the resistive-wall
[6] and the surface roughness wakes [7], both if which
become more pronounced with shorter bunches.

The final bend vacuum chamber, where the bunch is
shortest, is only 2-cm in height (=2a) and thus, the
resistive-wall wakefield requires some consideration here.
The emittance growth induced by the RW wakeis
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where Z, = 377 Q, ¢ is conductivity (5.9x10" Q™-m™ for
copper, 0.14x10" Q''m™ for stainless), f is the beta
function in the center of 4™ bend, and the other parameters
are listed in Table 1. A stainless steel chamber will
generate a 2% emittance growth, so to be safe, copper
plating is added to the B4 chamber. Similarly, the surface

finish of the B4 chamber must be <3 um assuming
>100 um bump length in the beam direction.

2.4 Diagnostics and Tuning

A profile monitor and stripline beam position monitor
(BPM) are included at the chicane center to monitor the
energy spread and pulse-to-pulse energy jitter. The BPM
will provide 50-um position resolution and £15 mm linear
dynamic range. The profile monitor is an insertable
phosphorescent intercepting screen to measure the
nomina 7-mm rms beam size.

The bunch length after the chicane (50 um) will be
measured using a 244-m long S-band transverse
deflecting rf structure which has been installed at the end
of the SLAC linac for this purpose [8]. This system has
already been tested with a 500-um bunch length.

Two small correction quadrupole magnets, with
nomina zero gradient, are included in the chicane to
allow empirical tuning of dispersion. A set of four wire
scanners are located just after the chicane, where they
were used in the past for SLC emittance measurements.
These wire scanners can be used to measure the
‘projected’ emittance for CSR studies and also to set the
correction quadrupoles if, due to dipole field or alignment
errors, the dispersion function is not perfectly closed.

Finaly, the chicane also alows a clear measurement of
the longitudinal wakefield for a 50-um bunch length in
the SLAC Sband accelerating structures. This is an
important measurement for the Linac Coherent Light
Source (LCLS) [9].
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