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The Accelerator Test Facility 2 (ATF2) aims to test the novel chromaticity correction scheme which is
implemented in the final focus systems of future linear colliders such as the International Linear Collider
(ILC) and the Compact Linear Collider (CLIC). The ATF2 nominal and ultralow β� lattices are designed to
vertically focus the beam at the focal point, or usually referred to as interaction point (IP), down to 37 and
23 nm, respectively. The vertical chromaticities of the nominal and ultralow β� lattices are comparable to
those of ILC and CLIC, respectively. When the measured multipole components of the ATF2 magnets are
considered in the simulations, the evaluated spot sizes at the IP are well above the design values. In this
paper we describe the analysis of the high order aberrations that allows identifying the sources of the
observed beam size growth. In order to recover the design spot sizes three solutions are considered, namely
final doublet replacement, octupole insertion, and optics modification. Concerning the future linear collider
projects, the consequences of magnetic field errors of the focusing quadrupole magnet of the final doublet
are also addressed.
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I. INTRODUCTION

The accelerator and particle physics communities are
considering a lepton linear collider as the most appro-
priate machine to carry out high precision particle
physics research in the high energy regime. There exist
two proposals for the next generation of eþ–e− linear
collider (LC), the International Linear Collider (ILC)
[1–3] and the Compact Linear Collider (CLIC) [4–6]. In
order to reach the required luminosity (L) for the
experiments, the vertical spot size at the interaction point
(IP) (σ�y) is of the order of a few nanometers. At the nm
beam size regime the energy spread of the incoming
beam leads to a noticeable beam size growth mainly due
to the chromaticity ξ generated by the final doublet (FD)
quadrupole magnets. The final focus systems (FFS) of
both projects of eþ–e− LCs are based on the local
chromaticity correction scheme proposed in [7] which
has recently been validated experimentally [8] at the
Accelerator Test Facility (ATF2); see [9–11] for a
detailed description.

The ATF2 nominal lattice is a scaled-down version of
the ILC FFS, which features a value of σ�y ¼ 37 nm1 if an
error-free lattice is considered in the simulation. The ATF2
ultralow β� lattice [12] is a proposal for an even more
challenging optics with a value of vertical beta function at
the IP (β�y) a quarter of that of the ATF2 nominal lattice. The
expected σ�y is equal to 23 nm1 if an error-free lattice is
considered. The goal of the ATF2 ultralow β� lattice is to
test the feasibility of a lattice with a chromaticity compa-
rable to that of the CLIC FFS. Table I shows the relevant
parameters of the ATF2, CLIC, and ILC designs, with
special attention to the vertical chromaticity, shown in
the last column, estimated as ≈ L�

β�y
. As can be seen,

the calculated value of the chromaticity of the ATF2
ultralow β� lattice is comparable to the one of CLIC and
almost a factor 4 larger than the one of the ATF2 nominal
lattice. The parameters of the final focus test beam (FFTB)
[13,14] are also included in Table I for comparison
purposes. This accelerator was a prototype of a final focus
system based on a nonlocal chromaticity correction
scheme. In 1994 a vertical spot size of about 70 nm
[15] was achieved at the focal point of the FFTB. At ATF2
it has been recently reached and further reduced the
minimum σ�y measured at FFTB; see [8].
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1A relative energy spread (Δp=p) of 0.08% and high order
aberrations of the beam are considered in the beam size
calculation.
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II. DESCRIPTION OF ATF2

The ATF2 beam line extends over about 90 m from the
beam extraction point in the ATF damping ring to the IP.
Figure 1 shows a layout of the ATF2 beam line.
The ATF2 beam line is divided into two sections, the

extraction beam line (EXT) and the final focus system. The
EXT extends over 52 m; it comprises an extraction and a
diagnostics section. The diagnostics section is used for
measuring the emittance and the Twiss parameters and for
correcting the dispersion and transverse coupling of the
electron beam. The ATF2 FFS beam line extends over
40 m; it is responsible for transporting and vertically
focusing the beam at the IP to tens of nanometers. It
consists of a matching section composed of six quadrupole
magnets (denoted by QM16FF, QM15FF, QM14FF,
QM13FF, QM12FF, and QM11FF) whose function is to
match the β functions measured in the EXT diagnostics
section. In addition there are 14 quadrupole magnets which
transport the beam to the FD that include one focusing

(QF1FF) and one defocusing (QD0FF) quadrupoles meant
to focus the transverse beam size at the IP. The last nine
quadrupoles of the EXT beam line plus the transport
quadrupoles of the FFS are referred to as QEA magnets.
Three bending magnets, namely B1FF, B2FF, and B5FF,
generate the required dispersion to correct the chromaticity
by means of the five normal sextupoles, namely SF6FF,
SF5FF, SD4FF, SF1FF, and SD0FF. In addition four skew
sextupoles, namely SK1FF, SK2FF, SK3FF, and SK4FF,
have been recently installed [17] in the FFS. Figure 2 shows
the βx;y and ηx functions along the FFS beam line.
The Shintake monitor [18] installed at ATF2 provides the

capability for measuring the small vertical beam size at the
IP; its design is described in [19]. Its operating principle
is based on the detection of Compton scattered photons
coming from the interaction between the electron beam and
the interference fringe pattern [20] created by crossing two
laser beams. σ�y is inferred from the modulation of the
measured Compton signal when scanning the interference
pattern across the beam. The expected IP vertical spot size

TABLE I. Comparison between relevant parameters of different final focus systems.

Project Status Beam energy [GeV] γϵy [nm] σ�y [nm] β�y [mm] L� [m] ξy

FFTB Designed 46.6 2000 52 0.1 0.4 4000
FFTB Measured 46.6 2000 70 � � � 0.4 � � �
ATF2 nominal Designed 1.3 30 37 0.1 1.0 10000
ATF2 nominal Measured 1.3 30 65a 0.1 1.0 10000
ATF2 ultralow β� Proposed 1.3 30 23 0.025 1.0 40000
CLIC L� ¼ 3.5 m Designed 1500 20 1 0.069 3.5 50000
ILC Designed 250 35 5.9 0.48 3.5 7500

aThis value is considered as an upper limit of the actual beam size due to relative phase jitter between the laser fringe pattern and
the e− beam; see more details in [16].

FIG. 1 (color online). Scheme of the ATF2. The beam line on the left represents the extraction beam line (EXT). The beam line on the
right represents the FFS as the continuation of the EXT line (the figure is courtesy of Araki).
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by the Shintake monitor (σ�y;Shi) is obtained by a code that
simulates the laser-beam interaction, as described in [21].
The values of σ�y presented in Table I for the ATF2 and

LC projects are evaluated assuming error-free lattices.
However, the field quality of the magnets might preclude
to reach small beam sizes at the IP. In order to address this
issue, the multipole components of the ATF2 FFS magnets
have been measured. The impact of these measured multi-
pole components on the IP beam sizes for the ATF2 lattices
is presented in this paper. The analysis capabilities of the
MAPCLASS code [22,23] are extensively used to identify
the multipole components that have a noticeable impact on
σ� and to propose effective solutions that preserve the
design spot sizes at the IP.

III. IMPACT OF THEMULTIPOLE COMPONENTS
OF THE ATF2 MAGNETS

Data on the multipole components of the ATF2 magnets
can be found in [24]. This data was obtained after a careful
cross-check between two different magnet measurement
campaigns conducted at IHEP and KEK [25]; see [26].
The strength of each measured multipole component is

introduced into the MAD-X [27] model of the ATF2 lattices
by fixing its ratio relative to the strength of the magnet, so
that a variation of the magnet strength modifies the strength
of its multipole components linearly. Each multipole
component is modeled by thin elements at the edges and
at the center of the magnets. The sum of the thin element
strengths is equal to the measured integrated strength. With
all the multipole components included into the model, the
beam size at the IP is found to be larger than expected
for both the ATF2 nominal and ultralow β� lattices. Three
different beam size definitions, core, Shintake, and rms, are
used in this study.
The core beam size (σcore) is the width of a Gaussian

distribution fitted to the histogram of a bunch of particles.
It is the part of the beam that largely contributes to the
luminosity, therefore it is of special interest when referring

to linear colliders. By Shintake beam size (σShi) we refer to
the value obtained from the convolution between the bunch
of particles and the interference pattern of the laser; for
more details refer to [20]. The systematic errors from the
Shintake monitor are not taken into account in this
calculation. The obtained error in the computation due
to the finite number of particles (10000) used in the
calculations is less than 1% as explained in [21]. By
rms2 beam size (σrms) we refer to the following calculation:

σrms ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Z

∞

−∞
ðu − ūÞ2ρdν

s

; (1)

where u stands for x, px, y, py and ρ is the particle density
distribution. The introduced beam sizes are usually ordered
as σrms ≥ σShi ≥ σcore because the contribution from the
tails of the bunch to σ given by the interference pattern is
greater than the one given by the core definition, but lower
than the one given by the rms definition. However, when
the beam can be represented by a Gaussian distribution, the
three definitions coincide.
Depending on the considered beam size definition, the

Δσ�y calculated when the measured multipole components
are included in the model ranges from a few to hundreds
of percent. Table II summarizes the evaluated spot sizes at
the IP when gradually including the measured multipole
components. Four different scenarios have been considered
according to the multipole component measurements
included into the ATF2 model: (i) without multipole
components; (ii) only the QEA multipole components;
(iii) only the FD multipole components; and (iv) all the
multipole components.
For the ATF2 ultralow β� lattice the situation is much

worse than for the nominal one. The comparison between
the Δσ�y=σ�y0 of the different beam size definitions suggests
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FIG. 2 (color online). The βx;y functions and the ηx function for the ATF2 nominal lattice throughout the ATF2 final focus line.

2The beam sizes presented in this paper refer to the rms
definition if not stated otherwise.
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that the tails of the bunch are enhanced by the multipole
components of the magnets. From Table II it is inferred that
the most important sources of beam size increase are the
multipole errors of the FD. Figure 3 shows the results of the
MAPCLASS analysis for the ATF2 ultralow β� lattice.
Each curve refers to σ�y for different orders. It can be seen
that the sextupole (second order) component in green and
the dodecapole (fifth order) component in blue, are the
main sources of the observed vertical beam size increase.
The dependence of σ�y on γϵx at the fifth order reveals the
presence of a skew dodecapole component.

A. Final doublet replacement

The final doublet is the major source of vertical beam
size increase at the IP, as shown in Table II. Therefore the
replacement of the present FD by a better field quality
magnet that satisfies the ATF2 nominal and ultralow β�
tolerances may represent a step forward for the ATF2
facility. The tolerances for the ATF2 nominal and ultralow
β� lattices are evaluated by MAPCLASS in order to be
compared with the multipole components measurements.

The sextupole, octupole, decapole, and dodecapole
tolerances of QF1FF and QD0FF are determined assuming
an error-free ATF2 lattice. The method for the evaluation
follows: the value of the normal and skew multipole
component is increased one by one until σ�y increases by
2%. The columns labeled as Tol.NL and Tol.UL of Table III
summarize the obtained tolerances for the ATF2 nominal
and ultralow β� lattices, respectively. It is observed that
tighter tolerances are obtained for the ATF2 ultralow β�
than for the nominal lattice. In addition tighter skew
tolerances than the normal ones are observed for all the
multipole components of QF1FF due to the higher value of
βx at QF1FF. Table III compares the evaluated tolerances
of QF1FF and QD0FF for the ATF2 ultralow β� lattice with
the measured multipole components. The cases for which
the magnetic measurement exceeds the tolerance are
marked in bold. It also shows that QF1FF exceeds the
tolerances in almost all normal and skew multipole com-
ponents, whereas for QD0FF only the sextupole component
exceeds the tolerance. From the analysis of Fig. 3 and the
comparison made in Table III, it can be concluded that in
order to achieve the design IP spot size for both ATF2
lattices a better field quality QF1FF should be used, as
considered in [28]. To this end, in November of 2012 the
QF1FF magnet was replaced by a 4Q17 type quadrupole
[29] recycled from the PEPII LER accelerator [30]. The
4Q17 magnet has a better field quality with respect to the
previous QF1FF as shown in Table IV.
The evaluated σ�y for the ATF2 nominal lattice when

considering the multipole components of the 4Q17 magnet,
after optimizing the sextupole magnets, is 37 nm which
represents a satisfactory solution for this lattice.
Concerning the ATF2 ultralow β� lattice a σ�y ¼ 31 nm
is obtained when assuming the 4Q17 multipole compo-
nents, although it represents an important beam size
reduction it is not sufficient. The contribution to the

TABLE II. Comparison between the values of the IP beam size obtained, when gradually including the multipole
components of the ATF2 magnets, according to the core, Shintake, and rms beam size definitions for the ATF2
lattices. The values shown inside the parentheses refer to the percentage of beam size growth with respect to the
beam size for the case where no multipoles are assumed in the simulations.

ATF2 nominal lattice

σ�x [μm] σ�y [nm]

RMS CORE SHINTAKE RMS

No mults 3.0 37.2 37.3 38.0
All QEA mults 3.5 (þ17%) 37.3 (þ0.3%) 38.8 (þ4%) 43.2 (þ14%)
Only FD mults 3.9 (þ30%) 39.3 (þ5.6%) 41.8 (þ12%) 66.9 (þ76%)
All mults 3.9 (þ30%) 39.3 (þ5.6%) 41.8 (þ12%) 66.9 (þ76%)

ATF2 ultralow β� lattice
No mults 3.0 20.4 22.8 23.1
All QEA mults 3.4 (þ13%) 22.6 (þ11%) 26.3 (þ15%) 29.5 (þ28%)
Only FD mults 3.7 (þ23%) 30.0 (þ47%) 42.3 (þ86%) 80.1 (þ247%)
All mults 3.7 (þ23%) 30.0 (þ47%) 42.3 (þ86%) 80.1 (þ247%)
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FIG. 3 (color online). Plot of σ�y as a function of γϵx for the
ATF2 ultralow β� lattice. The red curve represents the vertical IP
beam size considering up to the quadrupole components, the
green dashed curve includes the sextupole components, and the
blue dot curve takes into account all of the multipoles up to
the dodecapole components.
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remaining beam size growth is mainly due to the QEA
quadrupole magnets and QD0FF, where the last one is the
most important. For further reduction of σ�y, it is considered
to replace the QD0FF magnet
CERN has designed a new quadrupole magnet that meets

the QD0FF strength requirements based on permanent
material (PM) [32]. In order to carry out the study, the
expected multipole components of QF1FF shown in
Table IV are assumed for QD0FF. With this assumption,
the quadrupole magnets located at high values of the β
function, namely QD10FF, QF9FF, QF5FF, and QD4FF,
plus all the available sextupole magnets are optimized
against σ�y, the minimum σ�y obtained is 27 nm, and
according to the Shintake definition σ�y;Shi ¼ 25 nm. The
impact of the remaining multipole components of the FD
and the QEA magnets on the IP beam sizes is still
noticeable for the ATF2 ultralow β� lattice. From the
order-by-order analysis, it is inferred that the octupole
component is the most relevant source of vertical beam
size increase; see Fig. 4. In addition to that, the obtained
beam size when assuming a monochromatic beam is

σ�yðΔpp ¼ 0Þ ¼ 19.5 nm, which indicates that the aberration
responsible of the beam size growth is mainly chromatic.

B. Octupole magnets

A pair of octupole magnets located at a dispersive and
nondispersive locations could be used for compensating the
chromatic octupole aberration observed in Sec. III A. This
solution has been investigated and the results are presented
in the following.
Two octupole magnets, namely OCT1FF and OCT2FF,

are included as a thin lens in the MAD-X model of ATF2.
OCT1FF is placed at the center of SD0FF which is a
dispersive location and OCT2FF is inserted at the center of
SD4FF which is a nondispersive location, separated by a
phase advanced of 180° from OCT1FF, in order to cancel
for the geometric aberrations. With this new FFS configu-
ration, the sextupole and octupole magnets have been
optimized against the vertical spot size at the IP. The
obtained σ�y is 23 nm when assuming the multipole
components of the new design of QD0FF based on PM.

TABLE III. Comparison between the tolerances evaluated for the ATF2 nominal (Tol.NL) and ultralow β� (Tol.UL) lattices and the
measured multipole components of QF1FF and QD0FF at a radius (R) equal to 1 cm. Each tolerance represents a Δσ�y ¼ 2%. In bold
letters the cases for which the measured multipole component does not meet the evaluated tolerances for both ATF2 lattices and in italic
style when the measurements only meet the tolerance for the ATF2 nominal lattices.

Normal Skew

Component Tol.UL Measured Tol.NL Tol.UL Measured Tol.NL

Sextupole [10−4]
QF1FF 0.37 2.7 1.2 0.07 0.28 0.09
QD0FF 0.2 1.84 0.8 0.18 1.76 0.4

Octupole [10−4]
QF1FF 0.15 0.57 0.7 0.07 0.04 0.1
QD0FF 1.8 0.44 6.0 0.8 0.28 1.2

Decapole [10−4]
QF1FF 0.43 1.2 0.9 0.08 0.19 0.11
QD0FF 3.15 0.65 10.1 2.9 0.32 4.3

Dodecapole [10−4]
QF1FF 0.17 3.4 0.4 0.09 0.76 0.11
QD0FF 15.0 3.5 50.0 9.0 0.22 12.3

TABLE IV. Comparison between the evaluated tolerance for the ATF2 ultralow β� lattice, the measured multipole components of the
previously installed QF1FF, the current QF1FF (4Q17) [31], and the expected components of the permanent magnet (PM) [32] at a
radius equal to 1 cm for the sextupole, octupole, decapole, and dodecapole components of QF1FF.

QF1FF Sextupole 10−4 Octupole [10−4] Decapole [10−4] Dodecapole [10−4]
R ¼ 1 cm Normal Skew Normal Skew Normal Skew Normal Skew

UL tolerance 0.37 0.07 0.15 0.07 0.43 0.08 0.17 0.09
Replaced 2.7 0.28 0.57 0.04 1.2 0.19 3.4 0.76
4Q17 0.28 0.2 0.01 0.06 0.004 0.001 0.001 0.01
PM −1.8 0.18 −0.28 0.02 −0.5 −0.08 1.2 −0.26
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Yet when considering the multipole components of the
present QD0FF magnet a σ�y ¼ 24 nm is obtained. The
normalized integrated strength values for the OCT1FF and
OCT2FF octupoles for both QD0FF magnets are summa-
rized in Table V, which can be provided by small octupole
magnets.
Almost the same spot size is obtained whether the

current or the new design of QD0FF are assumed in
simulations. Therefore the replacement of QD0FF is not
required if the octupoles are installed. Taking this into
account inserting a pair of octupole magnets is recom-
mended for testing the feasibility of the challenging
β-optics configuration, if enough free space is available
in the FFS of ATF2.

C. Optics modification

A different approach to minimize the detrimental impact
of the multipole components consists of modifying the
optics by increasing β�x. Doing so, the horizontal beta
function is lowered along the FFS. Thus, the impact of all
the multipole components present in the ATF2 magnets
are reduced as well. Although, increasing β�x is not the
preferred solution since it is not foreseen in the final focus
system design of the future linear colliders, considering
ILC as an example, increasing 2.5 times β�x enlarges σ�x by a
factor

ffiffiffiffiffiffiffi

2.5
p

which reduces L by almost 40%. Nevertheless
this solution is considered in this study, because it may help
to reduce the detrimental effect of the multipole compo-
nents, enabling the test of the local chromaticity correction
scheme of FFS.
By using the matching quadrupoles QM16FF, QM15FF,

QM14FF, QM13FF, QM12FF, and QM11FF located at the
beginning of the final focus, the β�x is increased from 4 to
40 mm. Afterwards the sextupoles are optimized in order to
compensate for the beam aberrations and minimize the spot

sizes at the IP. This optimization process is done by
using the simplex algorithm [33] inserted in MAD-X in
combination with the MAPCLASS code responsible to
evaluate σ�.
The new design for the ATF2 nominal lattice with

β�x ¼ 40 mm is called ATF2 10Bx1By lattice and features
a σ�y ¼ 37 nm which is equal to the one of the ATF2
nominal lattice. The interest of this new design lies in
reducing the beam size in the movable tapered beam pipe
section used as collimator between QD10A and QD10B
quadrupole magnets which reduces the background signal
read by the Shintake monitor, easing its operation and also
the tuning process. The performance of this new lattice was
cross-checked by the ATF2 collaborators [34], using the
LUCRETIA code [35], MAD-8 [36], and SAD [37],
obtaining similar values of σ�y. The ATF2 10Bx1By lattice
was used for validating the new local chromaticity correc-
tion scheme, as reported in [8]. The MAD-X model of the
new ATF2 10Bx1By lattice can be found in [38].
Regarding the ATF2 ultralow β� lattice, when increasing

β�x up to 40 mm, the obtained vertical spot size at the IP is
23 nm. Therefore this optics modification solution allows
us to effectively minimize the effect of all the measured
multipole components. This new lattice design, called
ATF2 ultralow β�y, can be found in [39].

IV. QF1FF MULTIPOLE COMPONENTS
OF CLIC AND ILC

In this section the tolerances for the multipole compo-
nents of the QF1FF magnet for CLIC (ECM ¼ 3 TeV) and
ILC (ECM ¼ 0.5 TeV) are evaluated. The sextupole, octu-
pole, decapole, and dodecapole tolerances have been
calculated at a radius of 1 and 3 mm for CLIC and ILC,
respectively. The calculated tolerances are evaluated at a
different radius in order to make a fair comparison due to
the difference in beam size at QF1FF, since the CLIC, ILC,
and ATF2 operate at different energies. Assuming an error-
free lattice the amount of multipole component is increased
until a luminosity loss of 2% is obtained. The PLACET
[40] code has been used to track the beam through the FFS
and afterwards the GUINEA-PIG [41] code simulates the
interaction of identical eþe− beam distributions at the IP;
see [42]. The obtained tolerances are shown in Table VI.
Comparing the QF1FF tolerances obtained for ATF2 and
the LCs, the tolerance of the sextupole components shows
an agreement within 10% between ILC and the ATF2
nominal lattice. Only the skew sextupole component is
in agreement within 10% between CLIC and the ATF2
ultralow β� lattice. The disagreement between the toler-
ances of ATF2 and the LCs is explained by the different
criteria used for their calculation. The rms beam size
definition used for ATF2 is sensitive to the tails of the
bunch while a luminosity calculation is concerned about
the core of the beam rather than the tails, as explained in
Sec. III. Indeed the higher order components populate the
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FIG. 4 (color online). σ�y evaluated by MAPCLASS as a
function of γϵx for the ATF2 ultralow β� considering the expected
multipole components of the PM magnet for QD0FF. The value
of γϵx when operating ATF is 5 μm.

TABLE V. Integrated strength for the octupole magnets
OCT1FF and OCT2FF when considering two different QD0FF
magnets, the installed quadrupole and the PM design.

QD0FF OCT1FF [m−3] OCT2FF [m−3]
Current −24:16 97.90
PM −13:37 98.24
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tails of the beam rather than the core, allowing for larger
tolerances for the LC. In general tighter tolerances are
obtained for ATF2 rather than ILC or CLIC, where CLIC is
the project that exhibits the most relaxed tolerances in
almost all considered components. This can be explained
in terms of the strength of QF1FF. Indeed CLIC runs the
weakest QF1FF magnet while ATF2 requires the strongest
one, as shown in Table VII.
Although tighter tolerances are observed for ATF2 rather

than LCs, measuring the magnetic field components of very
long magnets with small apertures, as the ones used in LCs
see Table VII, might be a difficult task. It should be noted
that satisfying the evaluated tolerances for ILC or CLIC
might be equal or even harder as for ATF2 from a magnetic
measurement perspective.

V. CONCLUSIONS

Analysis of the high order aberrations of the IP beam
sizes allows us to determine that the QF1FF magnet
installed at ATF2 was mainly responsible for the evaluated
beam size growth at the IP for both nominal and ultralow β�
lattices. By replacing this magnet by the 4Q17 magnet,
which has a better field quality, the expected beam sizes for
the ATF2 nominal lattice are recovered. However, the
QF1FF replacement does not permit one to reduce the
vertical IP beam size beyond 31 nm for the ATF2 ultralow
β�. For further beam size reduction the replacement of
QD0FF by a permanent magnet designed at CERN has
been considered, which allows one to squeeze the vertical
beam size down to 27 nm. However the insertion of a pair
of octupole magnets permits one to bring down σ�y to
24 nm, without replacing the QD0FF magnet.
Alternatively, the detrimental impact of multipole com-

ponents is effectively minimized by increasing the value of
β�x a factor 10. Simulations have shown that this solution
fully recovers the σ�y design for both ATF2 lattices. The new
designs are called ATF2 10Bx1By and ultralow β�y lattices.
Besides minimizing the impact of the multipole

components they also offer additional features that ease
the operation of ATF2, such as low levels of backgrounds
and reduction of tuning difficulties.
The ATF2 10Bx1By lattice has been used during the last

experimental tuning attempts at ATF2. Significant progress
in terms of beam size minimization has occurred since
December of 2012. According to the presented simulations
the measured multipole components of the ATF2 FFS
magnets should not preclude to reach a σ�y ¼ 37 nm.
In order to determine the impact of the multipole

components of the QF1FF magnet for the future linear
colliders, the normal and skew tolerances for CLIC and ILC
have been obtained at a radius of 3 and 1 mm, respectively.
Even using different radius no clear correspondence can be
established between the tolerances of the ATF2 lattices and
the tolerances obtained for ILC and CLIC. Tighter toler-
ances are found for ATF2 rather than the LCs as a result of
the strength of QF1FF. Although more relaxed tolerances
are found for the LCs projects, achieving the required
measurement resolution on long magnets with small
apertures might represent a challenge from a magnet
measurement point of view.
In conclusion, the study of effect of the multipole

component of the ATF2 magnets on the IP beam sizes
has allowed one to minimize its detrimental effect by
applying the proposed solutions. ATF2 is providing a
unique experience to assess the effect of field errors in
the final doublet of future colliders with more confidence.
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