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Present status and first results of the final focus beam line at the KEK Accelerator Test Facility
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ATF?2 is a final-focus test beam line which aims to focus the low emittance beam from the ATF damping
ring to a vertical size of about 37 nm and to demonstrate nanometer level beam stability. Several advanced
beam diagnostics and feedback tools are used. In December 2008, construction and installation were
completed and beam commissioning started, supported by an international team of Asian, European, and
U.S. scientists. The present status and first results are described.
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I. INTRODUCTION

An important technical challenge of future linear col-
lider projects such as ILC [1] or CLIC [2] is the collision of
extremely small beams of a few nanometers in vertical
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size. This challenge involves three distinct issues: creating
small emittance beams, preserving the emittance during
acceleration and transport, and finally focusing the beams
to nanometers before colliding them. The Accelerator Test
Facility (ATF) at KEK [3] was built to create small emit-
tance beams, and has succeeded in obtaining emittances
that almost satisfy ILC requirements. The ATF2 facility
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TABLE 1. Comparison of ATF2 parameters with ILC and CLIC specifications.
Parameters ATF2 ILC CLIC
Beam energy [GeV] 1.3 250 1500
L* [m] 1 3.5-4.5 3.5
y€,/, [mrad] 5X107%/3x 1078 1X1075/4x 1078 6.6 X1077/2x 1078
IP B,y [mm] 4/0.1 21/0.4 6.9/0.07
IP 7/ [rad] 0.14 0.0094 0.001 44
ok [%] ~0.1 ~0.1 ~0.3
Chromaticity ~1 X 10* ~1 x 10* ~5 % 10*
Number of bunches 1-3 (goal 1) ~3000 312
Number of bunches 3-30 (goal 2) ~3000 312
Bunch population 1-2 X 1010 2 X 100 3.7 X 10°
IP oy [nm] 37 5.7 0.7

[4], which uses the beam extracted from the ATF damping
ring (DR), was constructed to address the last two issues:
focusing the beams to nanometer scale vertical beam sizes
and providing nanometer level stability. ATF2 is a follow-
up of the final focus test beam (FFTB) experiment at SLAC
[5]. The optics of the final focus is a scaled-down version of
the ILC design. It is based on a scheme of local chroma-
ticity correction [6] which is now also used for the CLIC
design, where symmetries are introduced in the optics to
control all relevant aberrations up to third order.

The main parameters of ATF2 are given in Table I with
the corresponding values for the ILC and CLIC projects.
The value of B, and hence the vertical beam size at the
optical focal point [referred to as interaction point (IP) by
analogy to the linear collider collision point] are chosen to
yield a chromaticity of similar magnitude as in the ILC

final focus. For the energy and emittance of the ATF beam
and given the distance L* between the last quadrupole and
the IP, this leads to a vertical beam size of about 37 nm,
including residual effects from higher-order aberrations.

The layout of the ATF/ATF2 facility and the design
optical functions of the ATF2 beam line are displayed in
Figs. 1 and 2, respectively. The two main project goals are:
goal 1—achieving the 37 nm design vertical beam size at
the IP by 2010; and goal 2—stabilizing the beam at that
point at the nanometer level by 2012.

Achieving the first goal requires developing and imple-
menting a variety of methods to validate the design optics
in the presence of imperfections, in particular beam mea-
surement and tuning techniques to cancel unwanted dis-
tortions of the beam phase space.

i
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High Energy Accelerators Research Organization (KEK]

FIG. 1. (Color) Layout of the ATF/ATF?2 facility. The second half of the ATF2 beam line is shown in more detail in the upper part of

the display.
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FIG. 2. (Color) ATF2 optics from the ATF damping ring extrac-
tion point on the left to the IP on the right. The extraction line
extends over the first 25 meters, followed by the diagnostic and
matching section in the next 30 meters. The final focus section
stretches over the last 35 meters.

Before reaching the ATF2 final focus (see Fig. 1), the
beam is extracted from the DR into a reconfigured version
of the old ATF extraction line and transported in a match-
ing and diagnostic section where beam parameters can be
measured with wire scanners and where anomalous disper-
sion, betatron mismatch, and coupling can be corrected
with a set of dedicated upright and skew quadrupole
magnets.

Unlike the case of a linear collider where the measure-
ments of luminosity and electromagnetic interactions be-
tween the colliding beams provide information on their
respective sizes and overlap, ATF2 is a single beam line.
Measuring transverse beam sizes at the IP requires dedi-
cated beam instrumentation, especially a laser
interferometer-based beam size monitor (BSM), also
called Shintake monitor [7]. Optical adjustments to mini-
mize the beam size at the IP are achieved mainly using
combinations of sextupole magnet displacements for inde-
pendent removal of the linear phase space correlations
affecting the beam size.

To measure the beam orbit and maintain the beam size
with feedback, the beam line magnets are equipped with
submicron resolution cavity beam position monitors
(BPM) and are placed on mechanical movers.

Both BSM and BPM measurements are essential to
implement the tuning methods for the first goal.

ATF2 construction was completed in 2008 and first
beam testing began in December of that year, focusing
on the first goal. In addition, a number of studies and
hardware development towards the second goal have pro-
ceeded in parallel (see Sec. IV). Since the ATF2 project

relies on many in kind contributions and is commissioned
and operated by scientists from several institutions in a
number of countries spread out geographically over three
continents, it is considered a model for the organization of
the international collaborations which will be needed to
build and operate future large scale accelerator projects
such as the ILC. Planning and coordination are of crucial
importance. The organization of the ATF collaboration and
commissioning efforts are described in [3]. The commis-
sioning strategy is designed to use the large international
contribution efficiently. Training and transfer of knowl-
edge, important to strengthen the accelerator community
and prepare for future large projects, are emphasized.
Beam operation time is divided giving 50% for ATF2,
30% for DR and injector related R&D, and 20% for
maintenance and upgrades, in order to ensure richness of
the overall program while providing sufficient time for the
commissioning.

In this paper, the present status and performance of the
recently deployed ATF2 systems are described, followed
by the first experience with beam measurements and tuning
during winter and spring 2009. In the last section, the
immediate outlook of the project as well as several near
future and longer term plans are outlined.

I1. STATUS OF ATF2 SYSTEMS

A. Magnets and magnet mover

The ATF2 beam line extends over about 90 meters from
the beam extraction point in the ATF DR to the IP (see
Fig. 3). It contains seven dipole, three septum, 49 quadru-
pole, five sextupole, and a number of corrector magnets at
room temperature [8,9]. Some magnets were fabricated
specially for ATF2 while others were reused from the old
ATF extraction beam line and from beam lines at SLAC.
Among the latter were the two quadrupole and sextupole
magnets composing the final doublet (FD) system at the
end of the beam line. The apertures of the FD quadrupole
magnets were increased to accommodate the large S8 func-
tion values in the FD. Careful magnetic measurements of
all newly built magnets and of the modified ones in the FD
were done to check and control their higher-order multi-
pole contents. In the last focusing quadrupole magnet
within the FD system, where the horizontal beam size
reaches its largest value in the system, the tolerances to
enable the nominal IP beam parameters to be achieved
were slightly exceeded. Several possibilities to readjust
the optics design have been studied to mitigate the result-
ing deterioration of the vertical beam size [10,11].

Dipole and quadrupole magnets in the extraction line
were fixed on stainless steel supports bolted to the floor
while final focus magnets were fixed on support blocks in
concrete glued to the floor with adhesive polymer concrete.
Vertical and horizontal positions and tilts of both sets can
be adjusted manually with bolts during alignment.
Anticipating gradual movements of supports and magnets
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FIG. 3. (Color) View looking downstream along the final focus
section of the ATF2 beam line.

due to thermal variations or slow ground motion, 20 quad-
rupole and five sextupole magnets in the final focus were
put on remote-controlled three-axis movers recycled from
the FFTB experiment. Each mover has three camshafts for
adjustments of horizontal and vertical positions (with pre-
cision of 1-2 um), and for rotations about the beam axis
(roll, with precision of 3—5 urad). By combining horizon-
tal and vertical motions of these magnets, both trajectory
and linear optics distortions can be corrected.

Magnet production and refurbishment was carried out
from mid-2005 through mid-2008. Installation and align-
ment was completed in 2008. Overall alignment precisions
of 0.1 mm in the three directions and 0.1 mrad in roll angles
have been achieved using conventional alignment/metrol-
ogy techniques. Commissioning and operation of all mag-
nets has proceeded smoothly. The integrated strength data
from the magnetic measurements is taken into account in
the power supply control software to set required currents
and define the standardization procedures. The final align-
ment of the magnets will be achieved via beam based
alignment (BBA) techniques [12].

B. Final doublet stability

The FD is composed of two quadrupole and two sextu-
pole magnets named QDO, QF1 and SDO, SF1. These
magnets must be supported in a way which ensures that
their jitter relative to the IP where the BSM is located is
smaller than 7 nm, in order to limit effects on the measured
beam size to less than 5%. Because of the low beam
repetition rate of about 1 Hz, such stability is needed
from about 100 Hz, above which ground motion becomes
small enough, down to about 0.1 Hz, below which beam
based feedback methods can be used. A rigid support was
chosen since the coherence length at ATF2, of about 4 m in
this frequency range [13], exceeds the distance between
the FD and IP, hence strongly suppressing their relative
motion. A rigid honeycomb block from Technical
Manufacturing Corporation was used, supported on a set
of steel plates which covered most of its base and were tied
to the floor with bolts. A thin layer of natural beeswax was
then used between the plates and the honeycomb block to
ensure good mechanical coupling as well as ease of re-
moval [14]. New supports were made and put under the
FFTB movers so the magnets’ centers reached the 1.2 m
beam height. Vibration measurements with the table fixed
to the floor and all magnets and movers installed were
performed in the laboratory for prior validation, including
checking potential effects from cooling water flowing in
the magnets [15]. The whole system (see Fig. 4) was
installed at KEK in September 2008, where additional
measurements [16] were performed confirming that the
residual motions of the magnets relative to the BSM
were within tolerances (see Table II).

C. Cavity beam position monitors

The ATF2 beam line is instrumented with 32 C-band
(6.5 GHz) and four S-band (2.8 GHz) high resolution cavity

FIG. 4. (Color) View of the final doublet installed on its rigid
mechanical support system.
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TABLE II. Root-mean square vertical motion of QDO and QF1
magnets relative to the top of the BSM rigid mount support, for
frequencies between 0.2 and 100 Hz. The absolute motion is the
coherent movement of both magnets and of the BSM support.

Tolerance Relative motion Absolute motion
Magnet (nm) (nm) (nm)
QDO 7 5.1 212.6
QF1 20 6.5 212.6

beam position monitor systems. In addition to these dipole
cavities there are four C-band and one S-band reference
cavities to monitor beam charge and beam arrival phase. In
the diagnostics and final focus section every quadrupole
and sextupole magnet is instrumented with such a BPM.
The C-band position sensitive cavities are aligned to the
quadrupole magnet centers using mounting fixtures while
the S-band cavities are mounted next to the FD magnets.
All cavities are cylindrical resonant cavities, with rectan-
gular waveguide couplers to select the dipole, position
sensitive, mode. The cavity output is filtered, mixed, am-
plified, and filtered again to produce an intermediate fre-
quency between 20 and 25 MHz. The down-converted
signal is acquired using 100 MHz, 14-bit digitizers with
a virtual machine environment interface. The dipole sig-
nals are processed using a digital down-conversion algo-
rithm running on a dedicated CPU. The data is acquired,
the processing algorithm controlled, and position data
distributed via an EPICS channel access application. The
radio frequency (rf) electronics and digital down-
conversion algorithm are monitored by injection of a suit-
able frequency triggered rf tone instead of cavity signal.
The tone calibration system can be used to monitor the
overall electronics and algorithm health without a beam in
ATF2.

During the initial ATF2 commissioning, work on cavity
BPMs has focused on calibration and on usage of the
system for BBA and dispersion measurements. Two types
of calibration are required, quadrupole mover calibration
and beam deflection using upstream horizontal and vertical
corrector magnets (for BPMs on quadrupole magnets with-
out a mover system). The mover calibrations were easy and
proved most successful during the initial operation, while
the beam deflection calibration suffered from problems
with signal saturation and the need to rely on the optics
model to propagate beam trajectories. The mover calibra-
tion consisted of moving each quadrupole in steps of
100 wm over a total range of 400 um while recording
the cavity response for 10 machine pulses at each position.
The dynamic range of the cavity system was found to be
greater than the range of possible motions of the quadru-
pole movers ( = 1.5 mm) The resolution of the C-band
system is about 1 um at this moment, although a full
analysis with beam motion jitter subtraction has yet to be
performed. More details on the cavity design, fabrication,
and performance can be found in [17-19].

D. Beam size monitor

The beam size monitor used to measure the beam size at
the IP is based on inverse Compton scattering between the
electron beam and a laser interference fringe pattern [7]. In
such a monitor, the energy of the generated gamma rays is
typically rather small compared to that of bremsstrahlung
photons composing the main background (emitted when
beam tail electrons interact with apertures and start show-
ering). In the monitor designed for ATF2 [20], the signal is
separated from this high energy background by analyzing
the longitudinal shower profile measured with a multilay-
ered detector (located a few meters after the IP after a
dipole magnet) [21]. The laser wavelength used is 532 nm,
the 2nd harmonic of the Nd: YAG laser, providing a suitable
fringe pitch to measure the target vertical size of 37 nm.
Four laser beam crossing modes are available to provide a
broad dynamic range of up to several microns for the initial
beam tuning down to the nominal beam size or less. In
addition, a laser wire mode can be used for horizontal beam
size measurements.

The system was installed on a rigid mount support [22]
at the end of the beam line during summer 2008. After a
first checkout with beam in December 2008, commission-
ing started in 2009 with the laser wire mode. This mode of
operation was successfully and reproducibly established
during winter and spring runs. The method to properly set
up the electron and laser beams was developed experimen-
tally using diagnostics and instrumentation available for
both beams. It consists of four main steps: (i) carefully
tuning the electron beam trajectory to reduce backgrounds,
(i1) aligning the photon detector onto the electron beam
axis at the IP, (iii) checking the synchronization of both
beams, and (iv) scanning the laser beam horizontally to
overlap its waist with that of the electron beam.

Figure 5 shows an example of signal intensity as a
function of laser position in the horizontal plane. The
relative accuracy of the signal intensity measurement,

Signal Intensity [arb. units]
N
II|III llllllIIIII'IIIllllllllllllllllllll

1 L P P TR
-150 -100 -50 0 50 100 150
Laser Position [ um]

FIG. 5. (Color) Convoluted horizontal size measured by BSM in
laser wire mode in March 2009.
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obtained analyzing the longitudinal profile of the shower in
the multilayered photon detector, ranges from 10% to 20%.
The line shows a Gaussian fit to the data. The measured
horizontal size was 13 microns, consistent with the expec-
tation from folding the 10 microns design waist size of the
laser wire with the beam size of about 10 microns available
during the run and confirmed by wire scanner measure-
ments downstream of the IP [23].

E. Other beam line instrumentation

The instrumentation from the old ATF extraction line
[strip line BPMs, ICTs, optical transition radiation (OTR),
screen profile monitors, and wire scanners] is reused in the
reconfigured beam line. There are five wire scanners with
tungsten and carbon wires of 10 and 7 um diameter,
respectively, located in the diagnostic section upstream of
the final focus section (see Fig. 1). They are used to
measure the horizontal and vertical beam emittances after
extraction from the DR. An additional wire scanner is
installed just downstream of the IP for beam size tuning
and has tungsten and carbon wires of, respectively, 10 and
5 pm in diameter. Screen monitors are located right after
the extraction, in the middle of the beam line, and before
and after the FD. An optical fiber beam loss monitor is
installed all along the beam line to localize and quantify
beam losses in a relative sense.

F. Beam line modeling tools

The successful tuning of the ATF2 beam line relies on
many automated software tools prepared and tested
throughout the collaboration. To facilitate broad participa-
tion in the corresponding tasks, a “‘Flight Simulator” soft-
ware environment was designed as a middle layer between
the existing lower level ATF control system based on EPICS
and V-system and the higher-level beam dynamics model-
ing tools [24]. This is a “portable”” control system for
ATF?2 that allows code development and checkout offsite
and additionally provides the framework for integrating
that code into the operational ATF2 control system. The
software developed through the flight simulator is devel-
oped mainly through the LUCRETIA [25] package while
various ‘“‘add-on” packages are also supported to enable
usage of MADS, PLACET, and SAD [26—28] optics programs.
It is used in the ATF2 control room alongside tools devel-
oped through the existing V-system interface. Tools cur-
rently in use include: extraction line coupling correction,
extraction line dispersion measurement and correction,
extraction line and final focus orbit monitoring and steer-
ing, optical tuning knobs for the IP spot size based on
moving sextupole magnets, BPM display and diagnostics
tools (orbit plotting, reference save/restore system, offline
calibration of strip-line BPMs), watchdog tools (e.g. moni-
toring of the beam orbit in critical apertures, magnet
strengths, online optics checks, model response matrix),
magnet standardization, orbit bump and BBA tools to

extract the offsets between BPMs and quadrupole or sextu-
pole magnet centers.

III. FIRST ATF2 BEAM MEASUREMENT AND
TUNING RESULTS

A. Overview of commissioning runs

Since the beginning of commissioning at the end of
December 2008, five commissioning runs were dedicated
to ATF2, each two or three weeks long. In the
December 2008 run, only some of the magnets were turned
on, in a configuration with a large B*. The beam was
brought to its dump with minimal beam losses to pass a
radiation inspection required at KEK and to enable basic
hardware and software checks. The following runs in
February—March 2009 also used a large 8* (8 cm horizon-
tally and vertically), this time with all ATF2 magnets
switched on for the first time and an optical configuration
with basic features similar to the nominal optics [29]. For
such values of the 8* parameters, respectively 20 and 800
times larger than the nominal values, beam sizes in the FD
are reduced by the square root of the same factors. This was
important to ease requirements for backgrounds while
producing IP beam spots with o, ~ 12.5, 1-2 um which
were measurable by the BSM in laser wire mode or were
just below the resolution limit of the tungsten post-IP wire
scanner. In the most recent April and May 2009 runs, the
vertical 8% was reduced to 1 cm, corresponding to an IP
spot of o, ~ 0.5 um. As the chromaticity is not yet pre-
dominant for such a value, sextupole magnets had little
influence and could be turned off. In parallel with the
gradual deployment of software control tools and continu-
ous testing and characterization of the BSM and of the
cavity and strip line BPMs, first measurements of the
optical functions and beam parameters were also pursued.

B. Beam tuning strategy

Focusing the low emittance beam extracted from the
ATF DR to the specified IP beam size requires correcting
trajectory and optics distortions induced both by imperfec-
tions along the beam line and by mismatch of the beam
phase space at DR extraction. While final corrections must
be done at the IP, it is still important to keep mismatches
under control at the entrance of the final focus, in order to
limit distortions of the linear optics in the carefully tuned
chromatic correction section and to minimize backgrounds
in the BSM from bremsstrahlung, which can be emitted
and reach the detector when beam tail particles reach the
vacuum chamber at high-f points of the optics and start
showering.

The beam tuning sequence followed in successive shifts
during April and May 2009 runs was (i) bring the beam to
the dump with maximal transmission using the chosen
magnet configuration and flatten the trajectory, (ii) succes-
sive BBA in selected “critical” quadrupole magnets, (iii)
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dispersion measurement in the diagnostic and matching
section, followed by correction using the upright and
skew quadrupole magnets in the extraction line, (iv) emit-
tance and Twiss parameter measurements combined with
coupling correction with the system of dedicated skew
quadrupole magnets in the diagnostic and matching sec-
tion, (v) horizontal and vertical waist-scan and dispersion
measurements with the FD set to focus the beam at the
post-IP wire scanner, in order to infer 8%, (vi) if needed,
rematch B* to its target values using dedicated quadrupole
magnets immediately upstream of the final focus section,
(vii) vertical beam spot minimization at the post-IP wire
scanner by canceling residual dispersion and coupling,
using orthogonal combinations of vertical motions of sex-
tupole magnets in the final focus and, alternatively, the set
of upstream skew quadrupole magnets, (viii) reset the FD
for IP focusing to enable BSM measurements, and (ix) if
backgrounds are too large in the BSM, rematch 8" in the
horizontal plane to larger values.

C. Extracted vertical beam emittance and betatron
matching

Vertical emittances of less than 10 pm were consistently
achieved in the DR during spring 2009 [30]. After extrac-
tion to ATF2, several effects can however enlarge it, espe-

00 QK1X Optimization Scan (May 28, 2009)
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)
&
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cially anomalous dispersion and coupling remaining from
the DR or generated in the extraction process. In the
March 2009 run and during earlier tests in 2007-2008
[31] before reconfiguring the extraction line for ATF2,
large growth factors were often observed. In April and
May, systematic BBA in selected quadrupole magnets of
the extraction line, followed by careful corrections for
residual dispersion and coupling, enabled the reproducible
measurement of vertical emittance values in the 10 to
30 pm range. Figure 6 shows results from one of the
measurements during May 2009. The horizontal and ver-
tical emittances were 1.7 nm and 11 pm, respectively, with
rather good horizontal matching but some apparent mis-
match vertically, presumably partly due to not having fully
corrected the residual coupling.

D. Measurements of first-order optics at IP

In the large B* optics used, IP beam sizes are essentially
determined by the first-order optical transfer matrices,
higher order effects being negligible. Beam size measure-
ments at the IP can thus serve to check the first-order
optics, by comparing with nominal values or propagating
Twiss parameters measured upstream. Waist scans can be
done after setting the FD to focus the beam in both planes
at either the BSM or post-IP wire scanner, using orthogonal
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FIG. 6. (Color) Emittances and betatron mismatch factors (Bmag X, Y) measured in the ATF2 extraction line in May 2009 during
coupling minimization with one of the skew correction quadrupoles. The Bmag X, Y factors quantify the distortions of the beam
ellipses in both transverse planes with respect to those of the ideal matched betatron phase space, following the definition in [43]. In the
vertical dimension, Bmagy exceeds unity indicating apparent mismatch.
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QDO0, QF1 combinations (for independent control in each
plane) or just QDO. From the parabolic dependence of the
square of the beam size with respect to quadrupole magnet
strength, the emittance and Twiss parameters can be com-
puted. The values obtained are however biased if the beam
size at the minimum of the parabola is below the instru-
mental resolution or if there is significant residual disper-
sion or coupling.

In the horizontal plane, the nominal beam size of about
12.5 pm could be measured with both the post-IP tungsten
wire scanners and BSM laser wire mode. Since the hori-
zontal emittance is much larger than the vertical one,
residual coupling has a negligible effect. However, there
is significant horizontal dispersion in the nominal optics
near the IP (see Fig. 2), resulting from the local chroma-
ticity correction scheme, which must be accounted for
along with any residual mismatch propagated from imper-
fectly corrected upstream errors. Figure 7 shows an ex-
ample of horizontal waist scans from May 2009 [32]. The
extracted emittance and B* values at the minimum, &, =
(1.13 £0.06) nm and B, = (13 £ 1) cm, could be com-
pared with the values expected at the post-IP wire scanner
in the design optics (2 nm, 10 cm) as well as with the ones
obtained propagating the measurements made in the ex-
traction line in a previous shift (1.7 nm, 14.5 cm). A full
analysis to evaluate the significance and possible origin of
differences has yet to be performed.
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FIG. 7. (Color) Horizontal beam size squared measured at the
post-IP wire scanner in May 2009 as a function of QDO strength.
Blue crosses are before and red crosses are after correcting for
the measured horizontal dispersion. Green and pink lines are the
corresponding parabolic fits. The shift in abscissa between
corrected and uncorrected parabolas is due to anomalous hori-
zontal dispersion.

Similar waist scans were recorded in the vertical plane
using the 10 wm diameter post-IP tungsten wire scanner.
Since the expected minimum value could not be resolved
in these scans, they were used only to evaluate the diver-
gence of the beam near the IP. Combining with the emit-
tance measured in the matching section, estimates of B,
could be obtained in the assumption of negligible residual
coupling. Data recorded in the last week of May 2009 gave,
for instance, B, ~ 10 mm after correcting for anomalous
vertical dispersion measured during the scan, somewhat
less than the nominal value expected at the post-IP wire
scanner (18 mm).

E. Vertical spot minimization at the IP

To cancel residual vertical dispersion and coupling at the
IP, the best results obtained so far were with a procedure
consisting of sequentially using six skew quadrupole cor-
rector magnets (as well as a pair of normal quadrupole
magnets in the extraction and matching sections) to em-
pirically reduce the vertical beam spot size at the post-IP
wire scanner down to about 3 pum, corresponding to the
resolution limit of the 10 um diameter tungsten wire
which was used.

IV. ATF2 OUTLOOK AND PLANS

The present ATF2 efforts of the ATF collaboration are
focused on the first ATF2 goal. The priority for the next
runs during autumn 2009 is to measure submicron vertical
beam sizes using the interference mode of the BSM. This
will involve continued operation with the large 8* optics
(8 cm horizontally and 1 cm vertically) in order to confirm
its properties in more detail. Vertical dispersion and cou-
pling effects at the IP will need to be corrected well enough
to reduce the vertical beam size to below about 1 um,
corresponding to the resolution limit of the 5 uwm carbon
wire scanner behind the IP. The tuning sequence outlined
in the previous section will be followed.

During the summer shutdown in 2009, a number of
improvements were made, especially in the BSM and
BPM systems. The magnets in all the beam lines of the
ATF facility were also realigned.

The BSM will use a laser crossing angle of 4.5 degrees,
for which the sensitivity is maximal for vertical beam sizes
of about 1 wm. A new 3 times more powerful laser will
enhance the signal significance with respect to the back-
ground. Additional collimation in front of the photon
detector will also help to reduce the background from
bremsstrahlung emitted upstream. Moreover, wire scanner,
screen, and knife edge monitors were newly installed in the
IP chamber of the BSM to make it easier to overlap the
electron and laser beams.

The performance of the cavity BPMs was extensively
studied to characterize and improve stability and reproduc-
ibility in signal amplitudes and phases over long periods of
up to a month. The electronics of the strip line BPMs is also
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being upgraded to suppress residual kicker noise picked up
on the electrodes, shown to degrade performances, and to
enable more reliable calibration.

During 2010, the goal will be to reduce the 8* parame-
ters enough towards the nominal values for vertical beam
sizes smaller than 100 nm to be measured. Preparations
towards this goal are on-going in parallel with the above
tasks. In particular, a new system with multiple OTR
stations is being prepared in the diagnostic section to
supplement the existing wire scanners and enable speedier
and more precise 2D profile measurements. The improved
Twiss parameter, emittance, and coupling determinations
which will result should help to minimize the extracted
vertical emittance. Two additional tasks related to the BSM
are also important to achieve the first goal in 2010: im-
proved automation of the BSM data acquisition along with
integration into the overall software environment for beam
size tuning at the IP, and evaluation and control of BSM
beam induced backgrounds, in particular as a function of
B

The ATF collaboration also pursues several other hard-
ware developments of particular relevance to future linear
colliders, especially in the context of the second ATF2
goal: characterization of the site and beam line stability
[33], the MONALISA interferometer system [34] for ac-
curate monitoring of the FD position with respect to that of
the BSM, the feedback on nanosecond time scale (FONT)
project [35], the nanometer resolution IP-BPM project
[36], the fast nanosecond rise time kicker project [37],
and a new cavity-BPM optimized to monitor angular var-
iations of the beam near the IP with high accuracy [38]. A
laser wire system operated in the old ATF extraction line
during 2005-2008 with the aim to demonstrate 1 um
resolution beam size measurements [39] has also been
moved to a new location in the ATF2 diagnostics section
for further testing and development in coming years. In the
future, this system could be expanded to replace some or
all present wire scanners. Future linear colliders are ex-
pected to rely extensively on laser wire systems, so it is
important to gain experience operating a multiple system
in realistic conditions.

Plans to upgrade the performance of ATF2 on the time
scale of a few years, after the main goals of ATF2 have
been achieved, are also under consideration. In particular,
optical configurations with ultralow B values (2 to 4 times
smaller than nominal in the horizontal and vertical planes),
relevant to both the CLIC design and to some of the
alternative ILC beam parameter sets [l], are actively
studied [2]. There is also a proposal to upgrade the FD
with superconducting magnets [40] built according to ILC
direct wind technology, to allow stability studies with
beam of direct relevance to the setup planned at ILC. An
R&D program to develop a tunable permanent magnet
suitable for the FD is also pursued in parallel, with as an
initial goal the construction of a prototype for initial beam

testing in the upstream part of the ATF2 beam line [41].
Since possibilities to achieve the smallest vertical beam
sizes are limited, especially in the case of reduced SB*
values, both by the field quality in the magnets of the
presently installed FD [10,11] and by their aperture (to
avoid excessive bremsstrahlung photon background in the
BSM), these proposals are naturally connected in the sense
that an upgraded FD should also aim to both enlarge the
aperture and improve the field quality.

Longer term, more tentative, plans being discussed in-
clude, after 2012, the possibility of a photon facility, with
laser and optical cavities for the planned photon linear
collider and generation of a photon beam. Strong QED
experiments with laser intensities of >10??> W/cm? could
then also be considered, e.g., to pursue experimental stud-
ies of the predicted Unruh radiation [42].

V. CONCLUSION

The ATF collaboration has completed the construction
of ATF2 and has started its commissioning. Important
experience operating the new cavity BPM and BSM in-
strumentation in real conditions has been gained and first
beam measurements have been performed in a magnetic
configuration with reduced optical demagnification. Both
horizontal and vertical emittances were successfully tuned
and measured in the extraction line, with values approach-
ing the design values of 2 nm and 12 pm, respectively. First
checks of the first-order optics along the beam line and at
the IP were also done. Hardware developments for the
second ATF2 goal are being pursued in parallel with the
present commissioning work for the first goal. The col-
laboration is also preparing several near and long-term
plans for ATF2. In the next few years, information very
valuable for any future collider with local chromaticity
correction and tuning of very low emittance beams can
be expected. In the previous experience at the FFTB, the
smallest vertical beam sizes which were achieved were
about 70 nanometers. The work described here continues
to address this largely unexplored regime in a systematic
way.

ACKNOWLEDGMENTS

This work is supported by DOE Contract No. DE-ACO02-
76SF00515; Grant-in-Aid for Creative Scientific Research
of JSPS (KAKENHI 17GS0210); U.S.A.—Japan
Collaboration Research Grant of MEXT, Agence
Nationale de la Recherche of the French Ministry of
Research (Programme Blanc, Project No. ATF2-IN2P3-
KEK, Contract No. ANR-06-BLAN-0027); The
“Toshiko Yuasa” France Japan Particle Physics
Laboratory; Science and Technology Facilities Council,
UK., and EuCARD project cofunded by the European
Commission within the Framework Program 7, under
Grant Agreement No. 227579.

042801-9



P. BAMBADE et al.

Phys. Rev. ST Accel. Beams 13, 042801 (2010)

(1]
(2]
(3]
(4]
(5]
(6]
(7]

(8]

(9]

[10]

[11]

[12]

[13]

GDE (Global Design Effort) and WWS (World Wide
Study), ILC RDR, ILC-REPORT-2007-001.

R. Tomas, Phys. Rev. ST Accel. Beams 13, 014801 (2010),
and references therein.

J. Urakawa et al. (ATF Collaboration), http://atf.kek.jp/
collab/ap/.

ATF2 Proposal, Report No. SLAC-R-771, 2005.

V. Balakin et al., Phys. Rev. Lett. 74, 2479 (1995).

P. Raimondi and A. Seryi, Phys. Rev. Lett. 86, 3779
(2001).

T. Shintake, Nucl. Instrum. Methods Phys. Res., Sect. A
311, 453 (1992).

R. Sugahara et al., Proceedings of 6th Annual Meeting of
the Particle Accelerator Society of Japan, 2009, Tokai,
Ibaraki, Japan (KEK Report No. 2009-22).

C. Spencer et al., 21st International Conference on Magnet
Technology, 2009 [IEEE Trans. Appl. Supercond. (to be
published)].

G. White et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada, http://trshare. triumf.
ca/~pac09proc/Proceedings/.

R. Tomas et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

J.C. Smith et al., in Proceedings of the 21st Particle
Accelerator  Conference, Knoxville, 2005 (IEEE,
Piscataway, NJ, 2005).

R. Sugahara, 3rd ATF2 Project Meeting, KEK 2006,
http://ilcagenda.linearcollider.org/conferenceDisplay.py?
confld=1295.

B. Bolzon et al., in Proceedings of the Nanobeam 2008
Conference (Report No. LAPP-TEC-2008-04, ATF-
Report 08-11).

B. Bolzon et al. (ATF-Report No. 09-01.

B. Bolzon et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

S. Molloy et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

A. Lyapin et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

J.Y. Huang et al., Proceedings of APACO7 (Report
No. WEC3H102).

T. Yamanaka et al., IEEE NSS08 Conference Record,
3308, 2008; T. Suehara, Doctor thesis, The University of
Tokyo, 2008.

M. Oroku et al., IEEE NSS08 Conference Record, 2330,

(22]
(23]

[24]

042801-10

2008; Y. Yamaguchi et al., Proceedings of the 5th Annual
Meeting of PASJ (Report No. WPBDA33, 2009).

T. Kume et al, Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

T. Yamanaka et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

G. White et al., in Proceedings of the 11th European
Farticle Accelerator Conference, Genoa, 2008 (EPS-AG,
Genoa, Italy, 2008).

P. Tenenbaum et al. (Report No. SLAC-PUB-11215,
2005).

H. Grote and F.C. Iselin (CERN Report No. SL-90-13-
AP-REV.2, 1991).

D. Schulte (CERN Report No. PS-2000-028-AE, 2000),
https://savannah.cern.ch/projects/placet/.

K. Hirata (CERN Report No. 88-04, 1988), http://acc-
physics.kek.jp/SAD/.

S. Bai et al. (ATF-Report No. 08-05).

K. Kubo et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

M. Alabau Pons et al. (ATF-Report No. 08-15).

S. Bai et al. (unpublished).

M. Masuzawa et al., Proceedings of IWAA 06 (Report
No. IWAA-2006-FR002).

M. Warden et al., Proceedings of IWAAOQS.

P. Burrows et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

Y. Inoue et al., Phys. Rev. ST Accel. Beams 11, 062801
(2008).

T. Naito et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

D. Okamoto et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

A. Aryshev et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

B. Parker et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

Y. Iwashita et al., Proceedings of Particle Accelerator
Conference 09, Vancouver, Canada (Ref. [10]).

T. Tauchi, Seminar at Oxford, 2009, http://www.pp.rhul.
ac.uk/~blair/laserwire_Oxf_Mar(09/tauchi_atf2-unruh-
oxford-9mar09.pdf.

M. Sands (Report No. SLAC-AP-85, 1991); P. Bambade
(Report No. SLAC-CN-367, 1988).


http://dx.doi.org/10.1103/PhysRevSTAB.13.014801
http://dx.doi.org/10.1103/PhysRevLett.74.2479
http://dx.doi.org/10.1103/PhysRevLett.86.3779
http://dx.doi.org/10.1103/PhysRevLett.86.3779
http://dx.doi.org/10.1016/0168-9002(92)90641-G
http://dx.doi.org/10.1016/0168-9002(92)90641-G
http://dx.doi.org/10.1103/PhysRevSTAB.11.062801
http://dx.doi.org/10.1103/PhysRevSTAB.11.062801

