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Goals

(1) Final focus test beam at ATF

     - experimental verification of Pantaleo's optics

     - demonstration of 30nm focus with σx/σy=100/1

     - establishment of tuning methods

     - nano technology of BPM, Shintake monitor

     - final focus quadrupole magnet in the support tube

     - beam halo studies by "octupole optics" etc. 



Goal continued
(2) Nanometer stabilization of final doublet
        - one final doublet and nano-BPM at IP 

          for the demonstration
        - support tube structure;  

          role of a central CFRP tube
        - nanometer position measurements based on 

          laser interferometer (QPD, Optical anchor)
        - nanometer stabilization with active movers

        - inertial sensors

        - fast feedback system at nanometer level



Option

(1) Test facility for photon collider 
     - Laser facility for LC specifications 

          laser: 1.3J/pulse with a spot size of 3um, 

                 192 pulses/1.4ns at 150Hz
          optics at IP

     - Study of "strong" QED
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Collimator (1200 m)
Momentum: chicane

Transverse: nonlinear collimator

Final Focus (1600 m)
asymmetric dispersion

momentum acceptance: ±1%

Big Bend (8 mrad, 200 m)

Crossing angle (8 mrad)
optional crab crossing

 Transv. sep

=20 m

 longitudinal separation =200 m

Linac Linac

IP1

IP2

Figure 13.1: Schematic layout of the beam delivery system. A common beam line will be used for

collision energies of from 250 GeV up to 1.5 TeV C.M. An exception is the final quadrupole magnets,

which need to be replaced as the beam energy is increased.

• While the exact relative orientation of two main linacs may depend on the condition of the site,
it appears natural to build the two linacs along a common straight line. Hence, this is assumed
to be the case in this design study.

The JLC-I report presented a design of the beam delivery system for a 500 GeV C.M. collider. Its
layout included eight big bend sections (i.e. two big bends / beam / IR. Hence, 8 big bends in total).
At that time this layout was chosen mainly because of the short length of the transformer beam line
(600 m), which was optimized for beam collisions at lower energies below 500 GeV.

For the present study the goal of the design was to have the entire final focus system capable of
handling the whole future energy range of the collider up to 1.5 TeV, without major reconstruction.
It has been found to be possible to arrive at such a design. In this new design, almost all magnetic
components are commonly used with the strengths simply scaled with the beam energy, without
requiring any physical relocation. The final doublets are the only exceptions. They are supposed to
be replaced at least in three steps for beams energies of 250, 500, and 750 GeV. Also, in this latest
design the number of big bend sections has been reduced to four (i.e. one big bend / beam / IR).

A large number of muons are generated at the collimation section when the tail particles hit the
collimator material. If the IP is on the straight line extrapolated from the beam direction in the
collimation section, it will result in a large flux of muon background tracks to traverse the detector
facility. Therefore, a relative transverse offset needs to be introduced between the IP and linac axis.
This requirement determines the minimum bending angle of the big bend, together with the bending
angle of the final transformer.

In addition, it is preferable to have the two interaction regions (IRs) built with a longitudinal offset,

JLC Design Study, April, 1997
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4.9 Beam Delivery Section

4.9.1 Introduction

The electron and positron beams, after exiting from the main linac, before arriving at the interaction
point (IP), pass through a beam line section which is about 1.4 km long. This section, together
with the beamline downstream of the IP is called ‘beam delivery section’. The beam delivery section
consists of four parts: switch-yard, collimator, final focus system (FFS), and beam dump. Fig. 4.63
shows a schematic layout of the beam delivery section.

Collimator
Bypass

Main Linac

Final Focus System
Beam Dump

IP1

IP2

7 mrad

30 mrad

Switchyard

& diagnostics

Figure 4.63: Schematic plan of the beam delivery section.

In addition to making a tiny beam spot at the IP, the beam delivery section serves multiple purposes,
as follows:

• Focus the beams at the IP.

• Switch beamlines. (The beam comes from the main linac or from the bypass line and goes to
the first or to the second IP.)

• Create a finite crossing angle at the IP (7 mrad).

• Collimate the beam for eliminating the background for physics experiments.

• Protect the machine from damages due to potential failures.

• Dump the beams after collisions safely.

JLC Project Report, Revised, March 12, 2003, 3:21 P.M.
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(1) Non-local correction 

A plan of KEK-ATF Final Focus Test Beam Line (ATF2)∗

Shigeru Kuroda, J.Urakawa, H.Hayano, K.Kubo, T.Okugi, S.Araki, N.Toge, T.Matsuda and T.Tauchi

High Energy Accelerator Research Organization(KEK), 1-1 Oho, Tsukuba-shi, Ibaraki, Japan

Abstract

This report describes one of the possible programs which

is being investigated as the near-future extension of Ac-

celerator Test Facility (ATF) at KEK. In this program, a

36.6m long final focus test beam line, which we call ATF-

2, adopts the new final focus optics proposed by P. Rai-

mondi and A. Seryi. The goal of ATF-2 will be to test ex-

perimentally this new optics and to realize the beam size

of 50nm or less for the E = 1.5GeV beam extracted

from ATF. We present in this short report the basic design

of ATF-2, results of tracking simulation and a simulation

study of a possible beam tuning procedure.

1 INTRODUCTION

ATF [1] was built to investigate the feasibility of future Lin-

ear Collider (LC), in particular, the feasibility to provide

an extremely-flat multi-bunch beam to the LC main linac

[2]. Recently we focus on the development of beam-tuning

techniques and the stabilization of key machine compo-

nents to extract the small emittance beam from the ATF

damping ring. Table 1 summarizes the accelerator parame-

ters so far achieved at ATF.

With the successful demonstration of the production of

ultra-low emittance beams, the ATF group has initiated in-

vestigations on its next-stage research programs, which are

collectively called ATF-II. One possibility is called ATF-

1, where a bunch compressor will be added in the beam

extraction line of ATF, followed by a short X-band linac

unit. This allows ATF-II to serve as a complete test injec-

tor for an LC. Another possibility is called ATF-2, where

the issues associated with the final focus system at linear

colliders will be studied. The ATF-2 takes advantage of the

ultra-low emittance beam at ATF, which offers a unique

opportunity to experimentally study the LC final focus sys-

tem. Fig. 1 shows a proposed plan view for ATF-II.

In the following we present the basis of the LC final fo-

cus system, the new final focus optics recently proposed,

the current design of ATF-2 and finally a short summary.

2 BASIS OF LC FINAL FOCUS SYSTEM

The LC final focus system is to squeeze electron and

positron beams from the main linacs to obtain maximum

luminosity. The vertical size of the beams at the interaction

point (IP) must be a few nm. One of the critical issues in

designing the final focus optics is how to suppress the beam

size growth due to the energy deviation δ = (E −E0)/E0.

∗Correponding author: J.Urakawa, email:junji.urakawa@kek.jp
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Figure 1: Layout of ATF-II

The growth is approximately expressed as;

∆σ∗ = ξδσ∗
0 (1)

where ξ and σ∗
0 are the chromaticity and the linear-optics

beam size, respectively. For the standard final focus optics

the chromaticity ξ is in the order of 103 ∼ 104. Thus, even

with the small energy spread δ of ∼ 10−3, the beam size

easily grows by a factor of 10. The chromaticity can be

corrected by introducing sextupole magnets (sextupoles) in

the dispersive regions. The sextupoles, however, have non-

linear magnetic field that also causes the beam size growth.

This nonlinear effect, the geometric aberration, can be can-

celled by the magnet configuration shown in Fig. 2. Only
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Figure 2: Cancellation of the Geometric Aberration

sextupoles and final quadrupole magnets (quadrupoles) are

shown in the figure. Between them there are many other

quadrupoles that are not shown. The two pairs of sex-

tupoles are required for the correction of horizontal and

vertical chromaticity. The transfer matrix between the two

sextupoles of each pair is set to be −I so that the nonlinear

kick by the first sextupole may be cancelled by the sec-

ond. This scheme of the geometric aberration cancellation

Chromaticity : Δσ* = ξδσ* , δ=(E-Eo)/Eo

ξ correction by Sextupole (SX) 
SX geometric aberration cancellation

€ 

60 nm•
46

1.28
3×10−8

3×10−6 = 36 nm!FFTB/SLAC to ATF :



(2) Local correction 

Table 1: Achieved and design parameters of ATF.

Items Achieved Values Design

Maximum Beam Energy 1.28GeV 1.54GeV

Circumference 138.6 ± 0.003m 138.6m
Momentum Compaction 0.00214 0.00214
Single Bunch Population 1.2 × 1010 2 × 1010

COD(peak to peak) x ∼ 2 mm, y ∼ 1 mm 1 mm
Bunch Length ∼ 9 mm 5 mm
Energy Spread 0.08% 0.08%
Horizontal Emittance (1.7 ± 0.3) × 10−9 m 1.4 × 10−9 m

Vertical Emittance (1.5 ± 0.75) × 10−11 m 1.0 × 10−11 m

Multibunch(M.B.) Population 12 × 1010 m 20 × 1010 m

M.B. Vertical Emittance (1 ∼ 3) × 10−11 m 1.0 × 10−11 m

has been applied, with some modifications, to the JLC fi-

nal focus system [3] and also in the JLC Design Study [4].

The scheme was verified experimentally at the Final Fo-

cus Test Beam (FFTB) at SLAC, where beam was success-

fully squeezed to σy ∼ 60nm [5]. A simple extrapolation

from FFTB, which takes only the physical emittance into

account, predicts the beam size of 36nm for ATF-2.

Recently P.Raimondi and A.Seryi has proposed a new

final focus optics [6]. With this optics that squeezes beam

as small as the standard optics does, the final focus beam

line for JLC or NLC can be as short as 500 m, much shorter

than those by the conventional design [7]. Therefore it is

very important to verify this new optics experimentally and

here ATF-2 will provide a unique opportunity.

3 NEW FINAL FOCUS SYSTEM

The new final focus system is shown schematically in

Fig. 3. In Fig. 3 some quadrupoles upstream of SF2 are
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Figure 3: New Final Focus Optics

not shown. P, M, Q and N represent the transfer matri-

ces as shown in the figure. The chromaticity is corrected

by the sextupoles. Two of them are placed close to the final

quadrupoles that are major chromaticity sources because of

large beta-function there. The second order geometric aber-

ration is cancelled by other two sextupoles with the transfer

matrix given below;

MP =




F 0 0 0
F21

1
F 0 0

0 0 F 0
0 0 F43

1
F


 (2)

QM =




D 0 0 0
D21

1
D 0 0

0 0 D 0
0 0 D43

1
D


 (3)

Here the strength of the sextupoles must be chosen as

k2SF1 = −F 3k2SF2 and k2SD1 = −D3k2SD2. With

this conditions, however, still remains the 3rd order geo-

metric aberration that can be given by the coefficients of

polynomial expansion of the nonlinear map including the

sextupole actions. In the thin lens approximation, it is ex-

pressed as;

U3444 ∝ N2
34Q12(N33Q34 + N34Q44)2 (4)

U1244 = U3224 ∝ N2
34Q12 + N2

12Q12(NQ)234
− 4N12N34Q34(NQ)12(NQ)34 (5)

The indices 1, 2, 3 and 4 represent x, px, y and py , respec-

tively. Thus the 3rd order geometric aberration is deter-

mined only by the two transfer matrices Q and N. With

adequate choice of the strength of the final quaduapoles,

U1244 = U3224 becomes zero and thus U3444 becomes

small.

4 DESIGN OF ATF-2

As we have discussed above, it is important to test exper-

imentally the new final focus optics at ATF-2. We here

propose a design of ATF-2. All the calculation in this sec-

tion was done by the computer program SAD developed at

KEK [8].

Before we discuss the design, we summarize in Table 2

the parameters of the extracted beam from ATF. The beam

emittance is same with that of the JLC design. The energy

Table 1: Achieved and design parameters of ATF.

Items Achieved Values Design

Maximum Beam Energy 1.28GeV 1.54GeV

Circumference 138.6 ± 0.003m 138.6m
Momentum Compaction 0.00214 0.00214
Single Bunch Population 1.2 × 1010 2 × 1010

COD(peak to peak) x ∼ 2 mm, y ∼ 1 mm 1 mm
Bunch Length ∼ 9 mm 5 mm
Energy Spread 0.08% 0.08%
Horizontal Emittance (1.7 ± 0.3) × 10−9 m 1.4 × 10−9 m

Vertical Emittance (1.5 ± 0.75) × 10−11 m 1.0 × 10−11 m

Multibunch(M.B.) Population 12 × 1010 m 20 × 1010 m

M.B. Vertical Emittance (1 ∼ 3) × 10−11 m 1.0 × 10−11 m

has been applied, with some modifications, to the JLC fi-

nal focus system [3] and also in the JLC Design Study [4].

The scheme was verified experimentally at the Final Fo-

cus Test Beam (FFTB) at SLAC, where beam was success-

fully squeezed to σy ∼ 60nm [5]. A simple extrapolation

from FFTB, which takes only the physical emittance into

account, predicts the beam size of 36nm for ATF-2.

Recently P.Raimondi and A.Seryi has proposed a new

final focus optics [6]. With this optics that squeezes beam

as small as the standard optics does, the final focus beam

line for JLC or NLC can be as short as 500 m, much shorter

than those by the conventional design [7]. Therefore it is

very important to verify this new optics experimentally and

here ATF-2 will provide a unique opportunity.

3 NEW FINAL FOCUS SYSTEM

The new final focus system is shown schematically in

Fig. 3. In Fig. 3 some quadrupoles upstream of SF2 are
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Figure 3: New Final Focus Optics

not shown. P, M, Q and N represent the transfer matri-

ces as shown in the figure. The chromaticity is corrected

by the sextupoles. Two of them are placed close to the final

quadrupoles that are major chromaticity sources because of

large beta-function there. The second order geometric aber-

ration is cancelled by other two sextupoles with the transfer

matrix given below;

MP =




F 0 0 0
F21

1
F 0 0

0 0 F 0
0 0 F43

1
F


 (2)

QM =




D 0 0 0
D21

1
D 0 0

0 0 D 0
0 0 D43

1
D


 (3)

Here the strength of the sextupoles must be chosen as

k2SF1 = −F 3k2SF2 and k2SD1 = −D3k2SD2. With

this conditions, however, still remains the 3rd order geo-

metric aberration that can be given by the coefficients of

polynomial expansion of the nonlinear map including the

sextupole actions. In the thin lens approximation, it is ex-

pressed as;

U3444 ∝ N2
34Q12(N33Q34 + N34Q44)2 (4)

U1244 = U3224 ∝ N2
34Q12 + N2

12Q12(NQ)234
− 4N12N34Q34(NQ)12(NQ)34 (5)

The indices 1, 2, 3 and 4 represent x, px, y and py , respec-

tively. Thus the 3rd order geometric aberration is deter-

mined only by the two transfer matrices Q and N. With

adequate choice of the strength of the final quaduapoles,

U1244 = U3224 becomes zero and thus U3444 becomes

small.

4 DESIGN OF ATF-2

As we have discussed above, it is important to test exper-

imentally the new final focus optics at ATF-2. We here

propose a design of ATF-2. All the calculation in this sec-

tion was done by the computer program SAD developed at

KEK [8].

Before we discuss the design, we summarize in Table 2

the parameters of the extracted beam from ATF. The beam

emittance is same with that of the JLC design. The energy

Table 1: Achieved and design parameters of ATF.

Items Achieved Values Design

Maximum Beam Energy 1.28GeV 1.54GeV

Circumference 138.6 ± 0.003m 138.6m
Momentum Compaction 0.00214 0.00214
Single Bunch Population 1.2 × 1010 2 × 1010

COD(peak to peak) x ∼ 2 mm, y ∼ 1 mm 1 mm
Bunch Length ∼ 9 mm 5 mm
Energy Spread 0.08% 0.08%
Horizontal Emittance (1.7 ± 0.3) × 10−9 m 1.4 × 10−9 m

Vertical Emittance (1.5 ± 0.75) × 10−11 m 1.0 × 10−11 m

Multibunch(M.B.) Population 12 × 1010 m 20 × 1010 m

M.B. Vertical Emittance (1 ∼ 3) × 10−11 m 1.0 × 10−11 m

has been applied, with some modifications, to the JLC fi-

nal focus system [3] and also in the JLC Design Study [4].

The scheme was verified experimentally at the Final Fo-

cus Test Beam (FFTB) at SLAC, where beam was success-

fully squeezed to σy ∼ 60nm [5]. A simple extrapolation

from FFTB, which takes only the physical emittance into

account, predicts the beam size of 36nm for ATF-2.

Recently P.Raimondi and A.Seryi has proposed a new

final focus optics [6]. With this optics that squeezes beam

as small as the standard optics does, the final focus beam

line for JLC or NLC can be as short as 500 m, much shorter

than those by the conventional design [7]. Therefore it is

very important to verify this new optics experimentally and

here ATF-2 will provide a unique opportunity.

3 NEW FINAL FOCUS SYSTEM

The new final focus system is shown schematically in

Fig. 3. In Fig. 3 some quadrupoles upstream of SF2 are
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Figure 3: New Final Focus Optics

not shown. P, M, Q and N represent the transfer matri-

ces as shown in the figure. The chromaticity is corrected

by the sextupoles. Two of them are placed close to the final

quadrupoles that are major chromaticity sources because of

large beta-function there. The second order geometric aber-

ration is cancelled by other two sextupoles with the transfer

matrix given below;

MP =




F 0 0 0
F21

1
F 0 0

0 0 F 0
0 0 F43

1
F


 (2)

QM =




D 0 0 0
D21

1
D 0 0

0 0 D 0
0 0 D43

1
D


 (3)

Here the strength of the sextupoles must be chosen as

k2SF1 = −F 3k2SF2 and k2SD1 = −D3k2SD2. With

this conditions, however, still remains the 3rd order geo-

metric aberration that can be given by the coefficients of

polynomial expansion of the nonlinear map including the

sextupole actions. In the thin lens approximation, it is ex-

pressed as;

U3444 ∝ N2
34Q12(N33Q34 + N34Q44)2 (4)

U1244 = U3224 ∝ N2
34Q12 + N2

12Q12(NQ)234
− 4N12N34Q34(NQ)12(NQ)34 (5)

The indices 1, 2, 3 and 4 represent x, px, y and py , respec-

tively. Thus the 3rd order geometric aberration is deter-

mined only by the two transfer matrices Q and N. With

adequate choice of the strength of the final quaduapoles,

U1244 = U3224 becomes zero and thus U3444 becomes

small.

4 DESIGN OF ATF-2

As we have discussed above, it is important to test exper-

imentally the new final focus optics at ATF-2. We here

propose a design of ATF-2. All the calculation in this sec-

tion was done by the computer program SAD developed at

KEK [8].

Before we discuss the design, we summarize in Table 2

the parameters of the extracted beam from ATF. The beam

emittance is same with that of the JLC design. The energy

Table 1: Achieved and design parameters of ATF.

Items Achieved Values Design

Maximum Beam Energy 1.28GeV 1.54GeV

Circumference 138.6 ± 0.003m 138.6m
Momentum Compaction 0.00214 0.00214
Single Bunch Population 1.2 × 1010 2 × 1010

COD(peak to peak) x ∼ 2 mm, y ∼ 1 mm 1 mm
Bunch Length ∼ 9 mm 5 mm
Energy Spread 0.08% 0.08%
Horizontal Emittance (1.7 ± 0.3) × 10−9 m 1.4 × 10−9 m

Vertical Emittance (1.5 ± 0.75) × 10−11 m 1.0 × 10−11 m

Multibunch(M.B.) Population 12 × 1010 m 20 × 1010 m

M.B. Vertical Emittance (1 ∼ 3) × 10−11 m 1.0 × 10−11 m

has been applied, with some modifications, to the JLC fi-

nal focus system [3] and also in the JLC Design Study [4].

The scheme was verified experimentally at the Final Fo-

cus Test Beam (FFTB) at SLAC, where beam was success-

fully squeezed to σy ∼ 60nm [5]. A simple extrapolation

from FFTB, which takes only the physical emittance into

account, predicts the beam size of 36nm for ATF-2.

Recently P.Raimondi and A.Seryi has proposed a new

final focus optics [6]. With this optics that squeezes beam

as small as the standard optics does, the final focus beam

line for JLC or NLC can be as short as 500 m, much shorter

than those by the conventional design [7]. Therefore it is

very important to verify this new optics experimentally and

here ATF-2 will provide a unique opportunity.

3 NEW FINAL FOCUS SYSTEM

The new final focus system is shown schematically in

Fig. 3. In Fig. 3 some quadrupoles upstream of SF2 are
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Figure 3: New Final Focus Optics

not shown. P, M, Q and N represent the transfer matri-

ces as shown in the figure. The chromaticity is corrected

by the sextupoles. Two of them are placed close to the final

quadrupoles that are major chromaticity sources because of

large beta-function there. The second order geometric aber-

ration is cancelled by other two sextupoles with the transfer

matrix given below;

MP =




F 0 0 0
F21

1
F 0 0

0 0 F 0
0 0 F43

1
F


 (2)

QM =




D 0 0 0
D21

1
D 0 0

0 0 D 0
0 0 D43

1
D


 (3)

Here the strength of the sextupoles must be chosen as

k2SF1 = −F 3k2SF2 and k2SD1 = −D3k2SD2. With

this conditions, however, still remains the 3rd order geo-

metric aberration that can be given by the coefficients of

polynomial expansion of the nonlinear map including the

sextupole actions. In the thin lens approximation, it is ex-

pressed as;

U3444 ∝ N2
34Q12(N33Q34 + N34Q44)2 (4)

U1244 = U3224 ∝ N2
34Q12 + N2

12Q12(NQ)234
− 4N12N34Q34(NQ)12(NQ)34 (5)

The indices 1, 2, 3 and 4 represent x, px, y and py , respec-

tively. Thus the 3rd order geometric aberration is deter-

mined only by the two transfer matrices Q and N. With

adequate choice of the strength of the final quaduapoles,

U1244 = U3224 becomes zero and thus U3444 becomes

small.

4 DESIGN OF ATF-2

As we have discussed above, it is important to test exper-

imentally the new final focus optics at ATF-2. We here

propose a design of ATF-2. All the calculation in this sec-

tion was done by the computer program SAD developed at

KEK [8].

Before we discuss the design, we summarize in Table 2

the parameters of the extracted beam from ATF. The beam

emittance is same with that of the JLC design. The energy

Table 1: Achieved and design parameters of ATF.

Items Achieved Values Design

Maximum Beam Energy 1.28GeV 1.54GeV

Circumference 138.6 ± 0.003m 138.6m
Momentum Compaction 0.00214 0.00214
Single Bunch Population 1.2 × 1010 2 × 1010

COD(peak to peak) x ∼ 2 mm, y ∼ 1 mm 1 mm
Bunch Length ∼ 9 mm 5 mm
Energy Spread 0.08% 0.08%
Horizontal Emittance (1.7 ± 0.3) × 10−9 m 1.4 × 10−9 m

Vertical Emittance (1.5 ± 0.75) × 10−11 m 1.0 × 10−11 m

Multibunch(M.B.) Population 12 × 1010 m 20 × 1010 m

M.B. Vertical Emittance (1 ∼ 3) × 10−11 m 1.0 × 10−11 m

has been applied, with some modifications, to the JLC fi-

nal focus system [3] and also in the JLC Design Study [4].

The scheme was verified experimentally at the Final Fo-

cus Test Beam (FFTB) at SLAC, where beam was success-

fully squeezed to σy ∼ 60nm [5]. A simple extrapolation

from FFTB, which takes only the physical emittance into

account, predicts the beam size of 36nm for ATF-2.

Recently P.Raimondi and A.Seryi has proposed a new

final focus optics [6]. With this optics that squeezes beam

as small as the standard optics does, the final focus beam

line for JLC or NLC can be as short as 500 m, much shorter

than those by the conventional design [7]. Therefore it is

very important to verify this new optics experimentally and

here ATF-2 will provide a unique opportunity.

3 NEW FINAL FOCUS SYSTEM

The new final focus system is shown schematically in

Fig. 3. In Fig. 3 some quadrupoles upstream of SF2 are
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Figure 3: New Final Focus Optics

not shown. P, M, Q and N represent the transfer matri-

ces as shown in the figure. The chromaticity is corrected

by the sextupoles. Two of them are placed close to the final

quadrupoles that are major chromaticity sources because of

large beta-function there. The second order geometric aber-

ration is cancelled by other two sextupoles with the transfer

matrix given below;

MP =




F 0 0 0
F21

1
F 0 0

0 0 F 0
0 0 F43

1
F


 (2)

QM =




D 0 0 0
D21

1
D 0 0

0 0 D 0
0 0 D43

1
D


 (3)

Here the strength of the sextupoles must be chosen as

k2SF1 = −F 3k2SF2 and k2SD1 = −D3k2SD2. With

this conditions, however, still remains the 3rd order geo-

metric aberration that can be given by the coefficients of

polynomial expansion of the nonlinear map including the

sextupole actions. In the thin lens approximation, it is ex-

pressed as;

U3444 ∝ N2
34Q12(N33Q34 + N34Q44)2 (4)

U1244 = U3224 ∝ N2
34Q12 + N2

12Q12(NQ)234
− 4N12N34Q34(NQ)12(NQ)34 (5)

The indices 1, 2, 3 and 4 represent x, px, y and py , respec-

tively. Thus the 3rd order geometric aberration is deter-

mined only by the two transfer matrices Q and N. With

adequate choice of the strength of the final quaduapoles,

U1244 = U3224 becomes zero and thus U3444 becomes

small.

4 DESIGN OF ATF-2

As we have discussed above, it is important to test exper-

imentally the new final focus optics at ATF-2. We here

propose a design of ATF-2. All the calculation in this sec-

tion was done by the computer program SAD developed at

KEK [8].

Before we discuss the design, we summarize in Table 2

the parameters of the extracted beam from ATF. The beam

emittance is same with that of the JLC design. The energy

Table 1: Achieved and design parameters of ATF.

Items Achieved Values Design

Maximum Beam Energy 1.28GeV 1.54GeV

Circumference 138.6 ± 0.003m 138.6m
Momentum Compaction 0.00214 0.00214
Single Bunch Population 1.2 × 1010 2 × 1010

COD(peak to peak) x ∼ 2 mm, y ∼ 1 mm 1 mm
Bunch Length ∼ 9 mm 5 mm
Energy Spread 0.08% 0.08%
Horizontal Emittance (1.7 ± 0.3) × 10−9 m 1.4 × 10−9 m

Vertical Emittance (1.5 ± 0.75) × 10−11 m 1.0 × 10−11 m

Multibunch(M.B.) Population 12 × 1010 m 20 × 1010 m

M.B. Vertical Emittance (1 ∼ 3) × 10−11 m 1.0 × 10−11 m

has been applied, with some modifications, to the JLC fi-

nal focus system [3] and also in the JLC Design Study [4].

The scheme was verified experimentally at the Final Fo-

cus Test Beam (FFTB) at SLAC, where beam was success-

fully squeezed to σy ∼ 60nm [5]. A simple extrapolation

from FFTB, which takes only the physical emittance into

account, predicts the beam size of 36nm for ATF-2.

Recently P.Raimondi and A.Seryi has proposed a new

final focus optics [6]. With this optics that squeezes beam

as small as the standard optics does, the final focus beam

line for JLC or NLC can be as short as 500 m, much shorter

than those by the conventional design [7]. Therefore it is

very important to verify this new optics experimentally and

here ATF-2 will provide a unique opportunity.

3 NEW FINAL FOCUS SYSTEM

The new final focus system is shown schematically in

Fig. 3. In Fig. 3 some quadrupoles upstream of SF2 are
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Figure 3: New Final Focus Optics

not shown. P, M, Q and N represent the transfer matri-

ces as shown in the figure. The chromaticity is corrected

by the sextupoles. Two of them are placed close to the final

quadrupoles that are major chromaticity sources because of

large beta-function there. The second order geometric aber-

ration is cancelled by other two sextupoles with the transfer

matrix given below;

MP =




F 0 0 0
F21

1
F 0 0

0 0 F 0
0 0 F43

1
F


 (2)

QM =




D 0 0 0
D21

1
D 0 0

0 0 D 0
0 0 D43

1
D


 (3)

Here the strength of the sextupoles must be chosen as

k2SF1 = −F 3k2SF2 and k2SD1 = −D3k2SD2. With

this conditions, however, still remains the 3rd order geo-

metric aberration that can be given by the coefficients of

polynomial expansion of the nonlinear map including the

sextupole actions. In the thin lens approximation, it is ex-

pressed as;

U3444 ∝ N2
34Q12(N33Q34 + N34Q44)2 (4)

U1244 = U3224 ∝ N2
34Q12 + N2

12Q12(NQ)234
− 4N12N34Q34(NQ)12(NQ)34 (5)

The indices 1, 2, 3 and 4 represent x, px, y and py , respec-

tively. Thus the 3rd order geometric aberration is deter-

mined only by the two transfer matrices Q and N. With

adequate choice of the strength of the final quaduapoles,

U1244 = U3224 becomes zero and thus U3444 becomes

small.

4 DESIGN OF ATF-2

As we have discussed above, it is important to test exper-

imentally the new final focus optics at ATF-2. We here

propose a design of ATF-2. All the calculation in this sec-

tion was done by the computer program SAD developed at

KEK [8].

Before we discuss the design, we summarize in Table 2

the parameters of the extracted beam from ATF. The beam

emittance is same with that of the JLC design. The energy

Table 1: Achieved and design parameters of ATF.

Items Achieved Values Design

Maximum Beam Energy 1.28GeV 1.54GeV

Circumference 138.6 ± 0.003m 138.6m
Momentum Compaction 0.00214 0.00214
Single Bunch Population 1.2 × 1010 2 × 1010

COD(peak to peak) x ∼ 2 mm, y ∼ 1 mm 1 mm
Bunch Length ∼ 9 mm 5 mm
Energy Spread 0.08% 0.08%
Horizontal Emittance (1.7 ± 0.3) × 10−9 m 1.4 × 10−9 m

Vertical Emittance (1.5 ± 0.75) × 10−11 m 1.0 × 10−11 m

Multibunch(M.B.) Population 12 × 1010 m 20 × 1010 m

M.B. Vertical Emittance (1 ∼ 3) × 10−11 m 1.0 × 10−11 m

has been applied, with some modifications, to the JLC fi-

nal focus system [3] and also in the JLC Design Study [4].

The scheme was verified experimentally at the Final Fo-

cus Test Beam (FFTB) at SLAC, where beam was success-

fully squeezed to σy ∼ 60nm [5]. A simple extrapolation

from FFTB, which takes only the physical emittance into

account, predicts the beam size of 36nm for ATF-2.

Recently P.Raimondi and A.Seryi has proposed a new

final focus optics [6]. With this optics that squeezes beam

as small as the standard optics does, the final focus beam

line for JLC or NLC can be as short as 500 m, much shorter

than those by the conventional design [7]. Therefore it is

very important to verify this new optics experimentally and

here ATF-2 will provide a unique opportunity.

3 NEW FINAL FOCUS SYSTEM

The new final focus system is shown schematically in

Fig. 3. In Fig. 3 some quadrupoles upstream of SF2 are

IIII
    
PPPP

SSSS
    
FFFF
    
1111

    
    

    
    

    
    

    
SSSS

    
DDDD

    
1111

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
SSSS

    
FFFF

    
2222

    
QQQQ

    
FFFF

    
    

    
SSSS

    
DDDD

    
2222

    
QQQQ

    
DDDD

PPPP
    
    
    
    
    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
MMMM

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
QQQQ

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
NNNN

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

TTTT

    

rrrr

    

aaaa

    

nnnn

    

ssss

    

ffff

    

eeee

    

rrrr

    

    

    

MMMM

    

aaaa

    

tttt

    

rrrr

    

iiii

    

cccc

    

ssss

Figure 3: New Final Focus Optics

not shown. P, M, Q and N represent the transfer matri-

ces as shown in the figure. The chromaticity is corrected

by the sextupoles. Two of them are placed close to the final

quadrupoles that are major chromaticity sources because of

large beta-function there. The second order geometric aber-

ration is cancelled by other two sextupoles with the transfer

matrix given below;

MP =




F 0 0 0
F21

1
F 0 0

0 0 F 0
0 0 F43

1
F


 (2)

QM =




D 0 0 0
D21

1
D 0 0

0 0 D 0
0 0 D43

1
D


 (3)

Here the strength of the sextupoles must be chosen as

k2SF1 = −F 3k2SF2 and k2SD1 = −D3k2SD2. With

this conditions, however, still remains the 3rd order geo-

metric aberration that can be given by the coefficients of

polynomial expansion of the nonlinear map including the

sextupole actions. In the thin lens approximation, it is ex-

pressed as;

U3444 ∝ N2
34Q12(N33Q34 + N34Q44)2 (4)

U1244 = U3224 ∝ N2
34Q12 + N2

12Q12(NQ)234
− 4N12N34Q34(NQ)12(NQ)34 (5)

The indices 1, 2, 3 and 4 represent x, px, y and py , respec-

tively. Thus the 3rd order geometric aberration is deter-

mined only by the two transfer matrices Q and N. With

adequate choice of the strength of the final quaduapoles,

U1244 = U3224 becomes zero and thus U3444 becomes

small.

4 DESIGN OF ATF-2

As we have discussed above, it is important to test exper-

imentally the new final focus optics at ATF-2. We here

propose a design of ATF-2. All the calculation in this sec-

tion was done by the computer program SAD developed at

KEK [8].

Before we discuss the design, we summarize in Table 2

the parameters of the extracted beam from ATF. The beam

emittance is same with that of the JLC design. The energy

geometric aberration cancellation

3rd order geometric aberration cancellation
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Summary of Chromaticity Corrections

Minutes of 69th FFIR/BDSIM meeting on 3/3/2004
The meeting was held in a room of 425 at KEK, 10:00-11:00, 3/3/2004. We discussed on final focus system, FEATHER and dark current at
the LINAC.

(1) Final focus system (S. Kuroda)
(transparencies, 2 pages, pdf, 82KB)

Kuroda has been investigating the chromaticity corrections at the optics with L*=3.5m (Roadmap report, effh1.1) and L*=4.3m (;NLC2001,
effh0) as well as the ATF2(L*=2m) for the local chromaticity correction. First, X and Y chromaticity was shown at each magnet for the
effh1.1 and effh0 optics. As expected, major chromaticity is generated at the final doublet(QD0 and QF1) which is "cancelled" by those at
the sextupoles ( SD0 and SF1, respectively). The local chromaticity was defined by sum of downstream chromaticity from QF3.2 in the
similar way as the previous study on the ATF2. Resultant chromaticity is listed in the following table together with those at the ATF2 which
were presented at the last meeting, where SF1, QF1, SD0 and QD0 at the LC correspond to SF2F, QC2F, SD2F and QC3F, respectively, at
the ATF2.

LC L*=3.5m;Roadmap L*=4.3m;NLC2001
magnet ξx ξy ξx ξy
SF1(SF1B) 11,704.8 -18,419.3 9,328,2 -11,503.7
QF1 -5,965.4 12,167.1 -6,009.2 9,880.8
SF1A - - 2,890.8 -10,209.2
SD0 -3,886.1 51,772.3 -3,039.3 69,872.7
QD0 1,320.7 -56,556.2 943.1 -64,457.0
Total -31.1 -2.8 -39.6 -42.1

Local;from QF3.2 3,190.5 -11,016.0 4,149.9 -6,429.1

ATF2 (a) ; L*=2m (b) ; L*=2m
magnet ξx ξy ξx ξy
SF2F 4,884.1 -7,637.6 3,853.1 -4,076.5
QC2F -1868.5 3367.6 -2,505.8 3,055.1
- - - - -

SD2F -891.9 35,193.7 -691.0 18,446.4
QC3F 261.7 -28,500.1 350.9 -25,858.2
Total -151.1 168.5 -43.3 142.6

Local;from QB3F -1718.0 -258.0 -115.7 -10854.0

For the LC results with the Roadmap and NLC2001 optics, there is a numerical difference in the local ξy which are 11,016.0 and -



A plan of KEK-ATF Final Focus Test Beam Line (ATF2)∗

Shigeru Kuroda, J.Urakawa, H.Hayano, K.Kubo, T.Okugi, S.Araki, N.Toge, T.Matsuda and T.Tauchi

High Energy Accelerator Research Organization(KEK), 1-1 Oho, Tsukuba-shi, Ibaraki, Japan

Abstract

This report describes one of the possible programs which

is being investigated as the near-future extension of Ac-

celerator Test Facility (ATF) at KEK. In this program, a

36.6m long final focus test beam line, which we call ATF-

2, adopts the new final focus optics proposed by P. Rai-

mondi and A. Seryi. The goal of ATF-2 will be to test ex-

perimentally this new optics and to realize the beam size

of 50nm or less for the E = 1.5GeV beam extracted

from ATF. We present in this short report the basic design

of ATF-2, results of tracking simulation and a simulation

study of a possible beam tuning procedure.

1 INTRODUCTION

ATF [1] was built to investigate the feasibility of future Lin-

ear Collider (LC), in particular, the feasibility to provide

an extremely-flat multi-bunch beam to the LC main linac

[2]. Recently we focus on the development of beam-tuning

techniques and the stabilization of key machine compo-

nents to extract the small emittance beam from the ATF

damping ring. Table 1 summarizes the accelerator parame-

ters so far achieved at ATF.

With the successful demonstration of the production of

ultra-low emittance beams, the ATF group has initiated in-

vestigations on its next-stage research programs, which are

collectively called ATF-II. One possibility is called ATF-

1, where a bunch compressor will be added in the beam

extraction line of ATF, followed by a short X-band linac

unit. This allows ATF-II to serve as a complete test injec-

tor for an LC. Another possibility is called ATF-2, where

the issues associated with the final focus system at linear

colliders will be studied. The ATF-2 takes advantage of the

ultra-low emittance beam at ATF, which offers a unique

opportunity to experimentally study the LC final focus sys-

tem. Fig. 1 shows a proposed plan view for ATF-II.

In the following we present the basis of the LC final fo-

cus system, the new final focus optics recently proposed,

the current design of ATF-2 and finally a short summary.

2 BASIS OF LC FINAL FOCUS SYSTEM

The LC final focus system is to squeeze electron and

positron beams from the main linacs to obtain maximum

luminosity. The vertical size of the beams at the interaction

point (IP) must be a few nm. One of the critical issues in

designing the final focus optics is how to suppress the beam

size growth due to the energy deviation δ = (E −E0)/E0.

∗Correponding author: J.Urakawa, email:junji.urakawa@kek.jp
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Figure 1: Layout of ATF-II

The growth is approximately expressed as;

∆σ∗ = ξδσ∗
0 (1)

where ξ and σ∗
0 are the chromaticity and the linear-optics

beam size, respectively. For the standard final focus optics

the chromaticity ξ is in the order of 103 ∼ 104. Thus, even

with the small energy spread δ of ∼ 10−3, the beam size

easily grows by a factor of 10. The chromaticity can be

corrected by introducing sextupole magnets (sextupoles) in

the dispersive regions. The sextupoles, however, have non-

linear magnetic field that also causes the beam size growth.

This nonlinear effect, the geometric aberration, can be can-

celled by the magnet configuration shown in Fig. 2. Only
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Figure 2: Cancellation of the Geometric Aberration

sextupoles and final quadrupole magnets (quadrupoles) are

shown in the figure. Between them there are many other

quadrupoles that are not shown. The two pairs of sex-

tupoles are required for the correction of horizontal and

vertical chromaticity. The transfer matrix between the two

sextupoles of each pair is set to be −I so that the nonlinear

kick by the first sextupole may be cancelled by the sec-

ond. This scheme of the geometric aberration cancellation

Proposed at the Nanobeam2002 by  J. Urakawa
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FFTB/ATF thick width length area cost/area cost

unit m m m m2 yen/m2 yen

floor 1 7.2 56 403.2 126,960 51,190,078

shield thick
 x 2 height length volume cost/volume cost

unit m m m m3 yen/m3 yen

concrete 2 3 56 336 20,000 6,720,000

concrete 2 3 5.2 31.2 20,000 624,000

total - - - 367.2 20,000 7,344,000

Cost Estimation : FF facility



magnet number  cost/unit cost  (yen)
QA 8 1,200,000 9,600,000
QB 8 1,200,000 9,600,000

QC1 2 2,500,000 5,000,000
QC2 2 2,500,000 5,000,000
BH 2 2,500,000 5,000,000

SEXT 4 1,200,000 4,800,000
Power supply 26 1,500,000 39,000,000

Support 26 1,000,000 26,000,000
Cable 0 0 0

cavity-BPM 20 2,300,000 46,000,000
streak camera 0 0 0

laser wire 5 7,000,000 35,000,000
wire scanner 0 0 0

laser 
interferometer 1 10,000,000 10,000,000

vacuum 
chamber,pump 36.6 300,000 10,980,000

labor for setup 36.6 70,000 2,562,000

Total - - 208,542,000

Cost Estimation : FF components



Schedule
2002  optics design (Local correction, S.Kuroda)
2004  proposal
2005  construction starts
2008  Summer, completion
2009  achievement of σy*=36nm
        nanometer stabilization of final quadrupole
2010-α PLC test facility 
        strong QED experiments

SLAC-FFTB schedule
1989 optics design (Oide)
1990 proposal  (CDR)
1993 summer  completed
1994 spring      70nm
1995  RF-BPM
1997 E144:collision with laser (non-linear QED)
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BPM SUPPORT FRAME

Livermore 01/04 Gronberg, Fitsos

Lowest mode 

vibration frequency ~ 

200Hz; amplitude 

very small.

Thermal/mechanical 

stability understudy 

! critical RD item 

for LC -2004

LLNL/SLAC system
45cm dia., 62cm long tube
supported by 4 linear actuators
on a girder; No active mover

KEK system
10cm thick, 150cm long reference bar;  
each BPM is set on active movers, which
 are controlled by laser interferometers

Stabilization between two systems by Optical Anchor as well as 
Inertial Sensors;  FEATHER/FONT at the 2nd phase.

beam

NanoBPM


