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The ATF2 beam line at KEK was built to validate the operating principle of a novel final-focus scheme
devised to demagnify high-energy beams in future linear lepton colliders; to date vertical beam sizes as
small as 41 nm have been demonstrated. However, this could only be achieved with an electron bunch
intensity ∼10% of nominal, and it has been found that wakefield effects limit the beam size for bunch
charges approaching the design value of 1010e−. We present studies of the impact of wakefields on the
production of “nanobeams” at the ATF2. Wake potentials were evaluated for the ATF2 beam line elements
and incorporated into a realistic transport simulation of the beam. The effects of both static (component
misalignments and rolls, magnet strength errors and beam position monitor resolution) and dynamic
(position and angle jitter) imperfections were included and their effects on the beam size evaluated.
Mitigation techniques were developed and applied, including orbit correction, dispersion-free steering,
wakefield-free steering, and interaction point tuning knobs. Explicit correction knobs to compensate for
wakefield effects were studied and applied, and found to significantly decrease the intensity dependence of
the beam size.
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I. INTRODUCTION

In order to achieve their design luminosities in excess of
1034 cm−2 s−1, future electron-positron linear colliders such
as CLIC [1,2] and ILC [3] require nanometer-sized beams to
collide at the interaction point (IP). The final focus system
(FFS) of these colliders is based on a local chromaticity
correction scheme [4], a novel concept that has not so far
been deployed at a high-energy particle collider.
The Accelerator Test Facility (ATF) [5] upgrade, “ATF2”

[6], at the Japanese High Energy Accelerator Research
Organization (KEK), was designed to demonstrate the
feasibility of producing nanometer-scale beams at its focal
point, a surrogate of the interaction point (IP) of a future
linear collider. The ATF2 FFS was designed as an energy-
scaled version of the ILC FFS, with two main aims: (1) to

demonstrate the effectiveness of the local chromaticity
correction scheme to achieve an IP vertical beam size as
small as 37 nm, and (2) to demonstrate the feasibility of
beam orbit stabilization to the nanometer level. The
effectiveness of the local chromaticity correction scheme
was successfully demonstrated [7,8], and the potential for
direct beam orbit stabilization to the nanometer level has
been shown [9–12].
To date an electron vertical beam size as small as 41 nm,

essentiallymeeting theATF2 design goal, has been produced
[13], but this has proved possible only at a bunch population
of roughly 10%of thenominal value of1010 electrons. Earlier
studies indicated that the vertical beam size grows with the
beam intensity due to the effects of wakefields [14–16].
In this paper we report studies of wakefield effects on the

beam size at ATF2. We have performed experimental tests
of the wakefield hypothesis and compared the results with a
detailed simulation of beam propagation in the ATF2 beam
line, developed to include explicit modeling of the potential
wakefield sources. We have developed mitigation tech-
niques to recover a small vertical beam size at the IP and
these are also presented. These results and techniques are
applicable to obtaining ultrasmall beams at the FFS of
future linear colliders.
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II. ATF2 AND WAKEFIELD SOURCES

A layout of ATF2 is shown in Fig. 1 and the nominal beam
parameters are summarized in Table I. See [17] for more
details. The impact of wakefields in the ATF2 beam line was
the subject of earlier studies, see e.g. [14–16], where
numerical calculations and measurements of wakefields
arising from several sources in the beam line were presented.
The effect of a wakefield on an electron bunch, namely the
amplitude of the wakefield kick, characterized by the wake
potential, depends on the aperture of thewakefield source and
on the position offset of the beam relative to the source axis.
Devices such as C-band cavity beam position monitors

(C-BPMs), flanges, and bellows lead to significant wake-
field kicks that affect the beam quality by inducing
emittance growth and orbit deflection, which increase
the beam size at the IP. More specifically, the known
ATF2 main wakefield sources are: (i) 24 small-aperture
C-BPMs; (ii) five geometrically complex bellows; (iii) 58
vacuum flanges with internal aperture variations.The wake
potentials of these elements were evaluated using the
electromagnetic field simulator GdfidL [18]. The computa-
tion was performed by first creating a detailed 3D model of
each device, then calculating the electromagnetic field
generated by a 7 mm long rigid Gaussian electron bunch,
with charge 1 pC, traversing the element with a 1 mm
transverse axial offset. The wake potentials of these three
main wakefield sources are shown in Fig. 2.

III. BEAM STUDIES INCLUDING WAKEFIELDS

A. Beam size measurement

The ATF2 vertical IP beam size, σ�y, is measured with the
“IP beam size monitor” (IPBSM) [19]. As illustrated in
Fig. 3, there are three laser crossing modes for the IPBSM.

The respective ranges of the measurable beam sizes are
summarized in Table II. Tuning starts with the “8° mode.”
Then, when the beam is smaller than 400 nm, one can
switch to the “30° mode” and continue the tuning until the
beam size is smaller than 80 nm, when one switches to the
“174° mode” to measure the smallest beam size.

B. Beam-size tuning techniques

In order to reduce the wakefield effects and to make the
machine more stable, mitigation techniques and corrections
were implemented and tested.

FIG. 1. Schematic layout of ATF2 beam line.

TABLE I. ATF2 nominal beam parameters.

Parameter Unit Value

Beam energy, E GeV 1.3
Bunch population, Nb Electrons 1010

Bunch length, σz mm 7
Energy spread, σE % 0.08
Normalized emittance, γϵx;y mm.mrad 5=0.03
Twiss β-function at the IP, β�x;y mm 4=0.1
Beam size at the IP, σ�x;y nm 9000=37

FIG. 2. Transverse wake potential W (V/pC/mm) of the ATF2
bellows (red), C-BPMs (black) and flanges (orange) calculated
with GdfidL for a Gaussian bunch of 7 mm rms length and a 1 pC
charge with a vertical offset of 1 mm. For reference, the
distribution of the electrons in one bunch is shown (blue). The
head of the bunch points towards negative z.

FIG. 3. IPBSM laser fringe modulation depth vs beam size,
illustrating the dynamic ranges of the IPBSM modes [20].
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1. Dispersion-free steering

The dispersion-free steering (DFS) correction [21–23]
uses the ATF2 extraction line steering magnets to correct
for the difference in the beam orbit due to dispersion. A
script was implemented to automatically calculate the
impact of kicks at different positions on the orbit and
build the two required response matrices. These matrices
are (N ×M) with N the number of steering magnets andM
the number of beam position monitors (BPMs). A first
response matrix was calculated with a beam at the nominal
beam energy of 1.28 GeV. A second response matrix was
calculated for a beam with a higher energy of 1.2817 GeV.
The energy difference was induced by slightly changing the
damping ring revolution frequency.
The DFS procedure finds the best combination of

corrector kicks that minimizes the impact of a change of
energy on the orbit. Effectively, DFS finds an orbit that is
closer to the magnetic center of each quadrupole. The
results of this correction are shown in Figs. 4 and 5. In the
horizontal plane, the goal is to make the dispersion as close
as possible to the target. In the vertical plane, the goal is to
minimize the residual dispersion in the line. In both planes,
the DFS correction decreases the impact of dispersion on
the orbit and thus makes the machine more stable to
unwanted energy variations.

2. Wakefield-Free Steering

Wakefield-free steering (WFS) [14,23] operates in a
similar manner to DFS but minimizes variations due to the
beam intensity rather than the beam energy. The first WFS
response matrix was computed for a beam intensity of
2.0 × 109 electrons and the second for a beam intensity of
6.0 × 109 electrons. These two intensities represent the
operating range of beam intensities used for the respective

experimental studies. The strength of the correctors is
calculated so as to reduce the impact of wakefields on
the beam orbit. Figure 6 shows the convergence of the WFS
correction. The 2-norm of the difference between the
vertical orbit at high intensity 6.0 × 109 electrons (yHQ)
and at low intensity 2.0 × 109 electrons (yLQ) at each BPM,
defined as

kyHQ − yLQk ¼
�X

BPMs

jyHQ − yLQj2
�

1=2
;

is decreased by more than 30% after 10 iterations. After
applying DFS and WFS corrections, the machine is less
sensitive to residual dispersion and wakefields.
Figure 7 shows the impact of DFS and WFS on the

measured IP vertical beam size. For convenience these
measurements were performed with an IPBSM crossing
angle of 30°, but the correction techniques should remain
valid for smaller beam sizes. The statistical error is evaluated
based on the ensemble of typically 200 consecutive beam
pulses used for one measurement. Where multiple mea-
surements were made at the same beam intensity, a sys-
tematic error was assigned based on the difference in values
due to systematic drifts. Intensity-dependent effects on the

TABLE II. Dynamic range of the IPBSM.

Crossing angle θ 174° 30° 8°
Range of σ�y 25–100 nm 80–400 nm 360 nm–6 μm

FIG. 4. Difference between the measured horizontal dispersion
(Dx) and the target dispersion (Dx;target) vs BPM number before
(red) and after (blue) applying DFS correction.

FIG. 5. Difference between the measured vertical dispersion
(Dy) and the target dispersion (Dy;target) vs BPM number before
(red) and after (blue) DFS correction.

FIG. 6. Norm of the difference (μm) between the vertical orbit
at high intensity, 6.0 × 109 electrons (yHQ) and at low intensity,
2.0 × 109 electrons, (yLQ) vs the number of iterations of the WFS
correction.
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IP beam size were clearly decreased by application of DFS
and WFS corrections.
To quantify this one can define an “intensity dependence

parameter,” w, which characterizes the beam size depend-
ence on the bunch charge:

σ�y2 ¼ σ�y0
2 þ w2 ×Q2; ð1Þ

where Q is the bunch charge (in units of 109e), and σ�y0 is
the average vertical beam size at the IP in the limit of zero
bunch charge (i.e. with no wakefield sources). Fits of
Eq. (1) are shown in Fig. 7. The DFS and WFS corrections
reduced the intensity dependence parameter w from 22.4�
1.2 nm=109e− to 15.0� 2.0 nm=109e−.

C. Impact of static imperfections

In particle accelerators where nanometer-radian emittan-
ces are needed, high-precision alignment of magnets and
elements is required to preserve the emittance during the
beam transport. Typical residual misalignments are in the
range of 50–100 μm, but in some cases (CLIC, for
example) the required alignment tolerances can be as small
as 10 μm, and yet not be sufficient to preserve the beam
quality without further orbit correction. Recently, sophis-
ticated beam-based techniques have been devised to pre-
serve the emittance even in these cases. Global orbit
correction (referred to as “orbit correction” in the follow-
ing) minimizes the transverse offset of the beam using
many correctors simultaneously. As described earlier, DFS
and WFS aim to correct the unwanted effects of dispersion
and wakefields, respectively. Tuning knobs [24,25] are
used to correct the linear and nonlinear aberrations in the
ATF2 FFS; these are referred to in the following as “IP
tuning knobs.”
The impact of wakefields on the ATF2 beam was

simulated using PLACET [26], a tracking code that simulates
the dynamics of beams in linacs, in the presence of

wakefields, misalignment of elements, and other realistic
imperfections. PLACET allows the investigation of single
and multibunch effects, and the application of different
types of correction algorithms. This code has been used to
produce results reported in the ILC Technical Design
Report [3] and the CLIC Conceptual Design Report [1]
and Project Implementation Plan [2] in terms of the
accelerator design, its performance evaluation, and the
definition of design tolerances.
To simulate the impact of wakefields on the beam, the

wake potentials of the ATF2 C-BPMs, bellows and flanges
were computed using GdfidL (Sec. II), assuming that the
longitudinal bunch profile is Gaussian and that it does not
change along the beam trajectory. These wake potentials
were deconvolved [27] with a Gaussian charge distribution
to obtain the single-particle wake potentials of the bare
elements. In the tracking simulation, PLACET uses the
single-particle wake potentials to account for nonlinear
head-to-tail effects through convolution with the bunches’
actual charge profile.
For each of the following experimental results, the beam

had to be tuned manually. The first- and second-order
tuning knobs were applied iteratively to decrease the
vertical IP beam size. The efficacy of these correction
techniques was studied with PLACET. A Gaussian bunch of
population 1.0 × 1010e−, the nominal value, was repre-
sented by 30,000 macroparticles which were tracked
through 100 imperfect machines, each of which had a
different random misalignment, according to the values
presented in Table III. The measurement resolution
assumed in the correction techniques is 5 μm for the
stripline BPMs and 1 μm for the C-BPMs [28]. The
average IP vertical beam size for the 100 machines, σ�y,
was evaluated and the results are summarized in Fig. 8 and
Table IV. σ�y, is reduced from 138� 86 μm without
correction to 1220� 337 nm after the orbit correction.
DFS and WFS further decreased σ�y to 904� 145 nm.
Finally, the IP tuning knobs corrected the linear and
second-order aberrations, causing a reduction in σ�y to

FIG. 7. Measured average vertical IP beam size (σ�y) vs the
beam intensity without correction and with DFS and WFS
corrections. For each experimental data point the longer error
bar shows the quadratic sum of the statistical and the systematic
errors and the shorter error bar shows the systematic error. The
lines show fits of Eq. (1).

TABLE III. Summary of static and dynamic imperfections,
BPM resolutions, and incoming beam jitters assumed in simu-
lations of beam transport in the ATF2 beam line.

Error Element Amplitude

Misalignment Quadrupole, Sextupole, BPMs 100 μm rms
Roll error Quadrupole, Sextupole, BPMs 200 μrad rms
Strength error Quadrupole, Sextupole, BPMs 0.01% rms
BPM resolution Stripline BPM 5 μm

C-BPMs 1 μm
Incoming pos.
jitter

at Extraction kicker [0.1–1.0] σy

Incoming angle
jitter

at Extraction kicker [0.1–1.0] σy0
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58.4� 4.7 nm, close to the design value of 37 nm for a
perfect machine.

D. Impact of dynamic imperfections

The major dynamic imperfection affecting the ATF2
beam line is the beam position and angle jitter introduced
by the damping ring extraction kicker. In order to study the
impact of jitter, the following simulation was set up: 100
machines were simulated to account for static imperfec-
tions. A full tuning procedure comprising orbit correction,
DFS and WFS corrections, as well as IP knobs, was then
applied to each machine and their effect in reducing the IP
beam size was evaluated. Subsequently, 200 consecutive
pulses, affected by random incoming jitter, were trans-
ported through each individual machine. The number 200
corresponds to the number of pulses recorded typically in
the IPBSM (Sec. III B) in order to deliver a reliable beam
size measurement.
Amplitudes of the ATF2 beam jitter at the damping ring

extraction of between 0.1 and 1.0σy (position) and between
0.1 and 1.0σy0 (angle), were simulated so as to cover a wide
range of possible conditions, where σy (5.9 μm) and σy0
(2.0 μrad) are the vertical beam size and angular divergence
at the extraction kicker, respectively [29]. All the static and
dynamic imperfections considered are summarized in
Table III.

The resulting average vertical IP beam size (σ�y) vs the
beam intensity is shown in Fig. 9. The IP beam size shows a
quadratic dependence with the intensity of the beam, as to
be expected from a wakefield kick which is linear with the
beam intensity [Eq. (1)]. Figure 9 illustrates how w
increases with the amplitude of the incoming beam position
and angle jitter. Table V summarizes the impact of the
position and angle jitters on σ�y at low and high bunch
charge. In conclusion, static and dynamic imperfections
combine in a manner that impacts significantly the vertical
IP beam size. Indeed, with incoming jitters of 0.1σy and
0.1σ0y, σ�y ¼ 56� 1 nm, to be compared with 113� 7 nm
when the incoming jitters are 1.0σy and 1.0σ0y. A beam-
based position and angle feedback system for jitter control

FIG. 8. Average vertical beam size at the IP (σ�y) vs correction
step: Orbit, DFS, WFS corrections and IP tuning knobs. The
error bars represent the standard error of 100 machines. The red
dashed line shows the 37 nm IP vertical beam size for a perfect
machine.

TABLE IV. Summary of the impact of orbit, DFS, WFS
corrections and IP tuning knobs on the vertical IP beam size
(σ�y). The errors represent the standard error of 100 machines.

Correction σ�y

No correction 138� 86 μm
Orbit 1220� 337 nm
Orbitþ DFSþWFS 904� 145 nm
Orbitþ DFSþWFSþ knobs 58.4� 4.7 nm

FIG. 9. Effect of both incoming 0.1, 0.3, 0.5 and 1.0σy beam
position and 0.1, 0.3, 0.5 and 1.0σy0 beam angle jitters on the
average vertical IP beam size (σ�y) vs the beam intensity,
calculated with PLACET incorporating wakefields. The error bars
represent the standard error for 100 machines and 200 pulses per
machine. The dashed lines (w) show fits of Eq. (1).

TABLE V. Simultaneous impact of the incoming position and
angle jitters on the average vertical IP beam size (σ�y), at low and
high beam intensities, calculated with PLACET.

Incoming
jitter

Intensity
[109e−] σ�y [nm] w [nm=109e−]

Position 0.1σy
and Angle 0.1σy0 1 45� 0.1

3.4� 0.3
10 56� 0.6

Position 0.3σy
and Angle 0.3σy0 1 45� 0.2

4.5� 0.5
10 63� 2.0

Position 0.3 ½σx; σy�
and Angle ½σx0 ; σy0 � 1 45� 0.2

4.6� 0.6
10 64� 2.1

Position 0.5σy
and Angle 0.5σy0 1 47� 0.4

6.0� 1.0
10 75� 3.5

Position 1.0σy
and Angle 1.0σy0 1 52� 1.2

10.2� 2.810 113� 7.4
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at ATF2, and its effect on reducing the beam-size growth
with beam intensity, is reported in detail in [12].

IV. COMPARISON BETWEEN SIMULATIONS
AND MEASUREMENTS

The vertical IP beam size was measured in the 174°
mode after tuning the beam and applying the orbit, DFS
and WFS corrections and IP tuning knobs, for beam
intensities in the range 0.1 to 0.4 × 1010e− (Table VI).
This range corresponds to the typical operational intensity
range of the machine. At low intensity, 0.1 × 1010e−, a
vertical IP beam size of 57 nm was obtained and at a higher
intensity, 0.4 × 1010e−, the vertical IP beam size was
72 nm. The fitted intensity-dependent parameter was
w ¼ 13.8� 1.6 nm=109e−. These measurements are com-
pared (Table VI) with corresponding PLACET simulations
incorporating the imperfections listed in Table III,
with orbit, DFS, andWFS corrections and IP knobs applied
to each simulated machine. The incoming position

and angle jitters used were 1.0σy and 1.0σy0 , respectively,
where σy ¼ 5.9 μm and σy0 ¼ 2.0 μrad [29]. This was
done for 100 machines and 200 pulses per machine.
The resulting fitted intensity-dependent parameter was
w ¼ 13.8� 0.3 nm=109e−. These results are summarized
in Fig. 10. It can be seen that the simulation is in good
agreement with the data for the given intensity range. (For
reference, fits of the simulated beam size across an intensity
range up to 1 × 1010e− are shown in Fig. 9).

V. WAKEFIELD KNOBS

A “wakefield knobs” system was installed in the ATF2
beam line, composed of two wakefield sources on movers;
a schematic is shown in Fig. 11. Two C-BPMs are installed
on the first mover and a bellows on the second. The movers
are independent and have a displacement step size of
300 microns. To maximize its efficacy the system is located
in a high-beta region (see Fig. 1) where the betatron phase
advance with respect to the IP is 2.5π, so that a controlled
wakefield kick here translates into a beam position change
at the IP.

A. Simulation

The effectiveness of the system was investigated using
PLACET simulations. A Gaussian beam was tracked from
the extraction of the damping ring to the IP. Imperfections

TABLE VI. Comparison between measurements and simula-
tions of the average vertical beam size at the IP (σ�y) vs the beam
intensity and the fitted parameters of Eq. (1).

Case w [nm=109e−]
σ�y0
[nm]

Intensity
[e−] σ�y [nm]

Measurement 13.8� 1.6 58.2 0.1 × 1010 57.0� 0.1
0.2 × 1010 63.0� 1.4
0.3 × 1010 68.0� 1.0
0.4 × 1010 72.0� 1.4

Simulation 13.8� 0.3 51.8 0.1 × 1010 52.0� 1.2
0.2 × 1010 56.0� 1.6
0.3 × 1010 61.0� 2.1
0.4 × 1010 67.0� 2.8

FIG. 10. Comparison between measurements and simulations
of the average IP vertical beam size (σ�y) vs the beam intensity. For
each experimental data point the longer error bar shows the
quadratic sum of the statistical and the systematic errors and the
shorter error bar shows the systematic error. The lines show fits
of Eq. (1).

FIG. 11. Schematic of the ATF2 wakefield knobs system
between BPM QD10BFF and QD10AFF.

FIG. 12. Average vertical IP beam size (σ�y) vs the position of
the bellows, for one machine at 1.0 × 1010e−.
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as listed in Table III were applied, but with a magnet
strength error of 10−3 for quadrupoles and sextupoles, a
factor-10 larger than the previous simulations in order to
study a worst-case scenario. The beam was tracked through
100 different machines, each of them with a different
misalignment and error random seed. Correction proce-
dures were applied in the following order: orbit correction,
DFS, and IP tuning knobs; WFS was not applied so as to
maximize the wakefield sensitivity for this study and no
incoming jitter is considered.
The position of each wakefield-source mover was

scanned from −3 mm to 3 mm in 20 steps. The effect
of the position scan of the bellows and C-BPMs on the
average vertical IP beam size (σ�y) is illustrated in Figs. 12
and 13 respectively; in each case the other mover was set at
nominal zero position. A simultaneous 2D scan of the
positions of the two sources leads to a minimum beam size;
an example is shown in Fig. 14 where a minimum beam
size of 37 nm was reached, for a beam intensity of
1.0 × 1010e−. The correction was tested with beam

intensities in the range between 0.1 × 1010e− and 1.0 ×
1010e− (Fig. 15). The correction is very effective: for an
intensity of 1.0 × 1010e− σ�y is decreased from around 61 to
45 nm. The contribution of each wakefield source to the
overall correction is shown in Table VII that from the
C-BPMs is the larger.

B. Measurements

Measurements were made that correspond to what was
done in the simulations. These scans were performed at a
high bunch charge of 0.77 × 1010e− so as to maximize
the impact of the wakefield correction. The position of the
mover with two C-BPMs was first scanned, then the
position of the mover with the bellows. This was done
iteratively to find the best position of both movers. For
illustration a few iterations of these measurements are
shown in Fig. 16. First, the position of the bellows mover
was scanned and a minimum σ�y of 200 nm was achieved
[Fig. 16(a)]. The position of the C-BPMs mover was then
scanned and decreased σ�y to 180 nm [Fig. 16(b)]. A second
iteration of the bellows mover was then applied to obtain σ�y
of 160 nm [Fig. 16(c)]. Finally, a second iteration of the C-
BPMs mover was applied and σ�y of 150 nm was reached
[Fig. 16(d)].
The impact of the wakefield-knob corrections for differ-

ent beam intensities is shown in Fig. 17. It should be noted
that, due to the tuning procedure, the correction was applied

FIG. 13. Average vertical IP beam size (σ�y) vs the position of
the C-BPMs, for one machine at 1.0 × 1010e−.

FIG. 14. Contour plot of the simulation of the impact of the
position of the C-BPMs and the bellows on the average vertical
beam size at the IP, σ�y, for one machine and for a beam intensity
of 1.0 × 1010e−.

FIG. 15. Average vertical beam size at the IP σ�y vs the beam
intensity, for 100 machines, with (blue) and without (red)
application of the wakefield knobs at 1.0 × 1010e−. The error
bars represent the standard error for 100 machines and 200 pulses
per machine. The lines show fits of Eq. (1).

TABLE VII. Impact of the wakefield knobs on the average
vertical beam size at the IP for a beam intensity of 1.0 × 1010e−.

Case σ�y [nm]

Default 61.2� 1.4
Optimized bellows position 48.4� 1.0
Optimized C-BPMs position 45.5� 0.9
Optimized bellows and C-BPMs position 45.2� 0.9
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with a slightly larger beam size than in the simulations, and
that for each beam intensity at least two beam size
measurements were made and averaged [29]. Due to
the difficulty to tune the beam and squeeze it to a vertical
beam size at the IP smaller than 100 nm at the time of
the experiment, the beam size measurements were per-
formed at the “30° mode” of the IPBSM. As shown in
Table II, the range of measurable vertical beam size at the
IP for the 30° mode is between 80 and 400 nm. Differences
in the measured beam position at a given intensity are
due to systematic effects. At high beam intensity, the
vertical IP beam size was decreased from around 225 to
175 nm with the wakefield knobs. The intensity-dependent

parameter was decreased from 27.1� 1.4 nm to 14.5�
1.3 nm=109e−. Hence the wakefield knob system was
found to be effective at reducing the impact of wakefield
kicks and the intensity dependence of the beam size.

VI. CONCLUSIONS

We have studied the impact of wakefields on the
production of “nanobeams” at the ATF2. Wake potentials
were evaluated for the cavity BPMs, bellows, and vacuum
flanges in the ATF2 beam line and were incorporated into a
realistic transport simulation of the beam from the damping
ring extraction to the IP. The effects of both static
(component misalignments and rolls, magnet strength
errors and BPM resolution) and dynamic (position and
angle jitter) imperfections were included in the simulations
and their effects on the beam size evaluated. Mitigation
techniques were developed and applied, including orbit
correction, dispersion-free steering, wakefield-free steer-
ing, and IP tuning knobs. Assuming beam position and
angle jitter at extraction of 1.0σy and 1.0σy respectively, the
simulated intensity-dependence parameter was found to be
in excellent agreement with the measured value of
w ¼ 13.8� 1.6 nm=109e−. Explicit correction knobs to
compensate for wakefield effects were studied and applied
and decreased the intensity-dependent parameter from
27.1� 1.4 to 14.5� 1.3 nm=109e−. The good agreement
between the PLACET simulations and the measurements in
ATF2 gives us confidence in the corresponding simulations
that were used for both ILC and CLIC using the same
wakefield implementation [29].
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