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ATF2 final focus test beamline

➢ ATF2 context

➢ ATF2 in ILC FFS Technical Preparation Plan: ATF3

o Goals and Tasks

➢ ATF2 current status 

➢ ATF2-3 opportunities
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ATF2 the ILC/CLIC FFS testbench
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Units ATF2 ILC CLIC

Ecm
[GeV] 1.3 250 380

L [1034 cm-2 s-1] 1.35 1.5

frep
[Hz] 3.12 5 50

nbunches
1 1 - 20 1312 352

Ne
[1010] 1.0 2.0 0.52

𝜎b
[μm] 7000 300 70

Δtb [ns] 154 554 0.5

𝛾ϵx / 𝛾ϵy
[nm] 5000 / 30 5000 / 35 950 / 30

𝜎x
* / 𝜎y

* [nm] 9000 / 37 516 / 7.7 149 / 2.9

IPStabilization
𝜎y

* < 0.05 < 0.2 < 0.08

L* [m] 1 4.5 6

FFS optics 

ATF2 

ILC 

CLIC 



CPM #37 5

The context

FFS is among the most challenging sections of a linear collider

➢ Very-large b and the presence of nonlinear elements make it extremely sensitive to

imperfections as:

- Wakefields introduce energy spread, bunch head-to-tail distortions, and amplify transverse deflections...

- Magnets misalignment introduce dispersion, beta-beating, orbit deflections, transverse coupling, …

- Beam jitter unavoidably cause betatron oscillations that propagate all the way to the IP, etc.

➢ In ILC and CLIC, the much shorter bunch length and the much larger beam energy make

the situation “simpler”

➢ ATF2 tackles its critical task with two major disadvantages w.r.t. its ”bigger brothers”:

- Bunch length is much longer: 7 mm vs 300 μm (ILC), about 25 times larger

- Beam energy is significantly lower: 1.3 GeV vs 125 GeV (ILC), about 100 times smaller

➢ Measurement of the nanobeam sizes involves a complex device: Shintake monitor (IPBSM)
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➢ In the ILC and CLIC, the much shorter bunch length and the much larger beam energy
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➢ ATF2 tackles its critical task with two major disadvantages w.r.t. its bigger brothers:

- Bunch length is much longer: 7 mm vs 300 μm, about 25 times larger

- Beam energy is significantly lower: 1.3 GeV vs 125 GeV, about 100 times smaller

➢ Measurement of the nanobeam sizes, complex device: Shintake monitor
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ATF2 goals and achievements

Nanometer beam sizes 

at IP

Small beam sizes were 

obtained with beam 

intensities of 0.5-1.5 109 e-

/bunch (1010 design value) 

and reduced aberration  

optics (10bx* x by*)

Goal 2: 2 nm beam stabilization at ATF2 IP, (much harder 

than nm stabilization in collision at ILC).

• FB latency 133 nsec achieved   (target < 366 nsec)

• Position jitter at ATF2 IP: 41 nm (2018) (direct stabilization 

limited by IPBPMs resolution 20 nm). Upstream FB shows  

capability for 2nm stabilization. Demonstrated ILC IPFB system.

Distribution of bunch positions 

measured at IPB, with two-BPM FB 

off (green) and on (purple)

Predicted vertical 

position jitter with 

FB on-off
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Intensity dependence studies (wakefields)

smallest beam size ~41 nm (2016)

Beam size History

Beam size shows a degradation with increase of the intensity 

compatible with wakefields

But small beam sizes were obtained with beam 

intensities of 0.5-1.5 109 e-/bunch (1010 design value)

Nominal (10bx* x by*)

Half (25bx* x 0.5 by*)

Ultra-Low (25bx* x 0.25 by*)
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Reduced optics aberration conditions

b: Optics with (10bx* x by*) c: Optics with (25bx* x half/ultralow by*)

e: Results achieved with beam stabilization in two-bunch mode 

ATF2 Beam parameters 

Design optics (bx* x by*) not tested !!!

Relaxed optics 

(10bx* x by*)

is the standard 

one
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➢ Vacuum Chambers (ID beam 24 mm):

o Bellows shielding

o Clamp Flanges (ATF-DR type)

o Cavity BPM tapering (ID 20 mm)

o Stripline BPMs

o Dipole chamber (box type replaced by simple 

pipe)

o Septum chambers (A, B, C) 

o FONT stripline kicker 

o Pumping port chamber (ID 24 mm) ➢ New Magnets 

o FD: QD0, QF1, SD0, SD1

o Skew sextupoles including movers

o Septum C (standard dipole)

o ZVOX  vertical corrector (between septum B and C)

➢ CBPMs:

o Re-installation of all CBPMs (current #24, all #32)

o Add separate fast small movers for centering and 

position calibration, including mechanical study,  specs 

(~10kg load and um resolution, prioritize high-b regions)

o Electronics: analogue electronics reliable but spares 

needed

o Digitizers: 20-year old model, higher resolution ADCs 

would increase the dynamic range.

CPM #37

Hardware issues  

➢ FD vibration girder

o Girder for all the final elements coupled with a global 

positioning system

➢ IP-BSM Laser:

o Nd:YAG laser replacement 

choice, new laser parameters

o Start LTL, FF-IP simulation study

o Start laser stability study (energy, 

pointing, mode, and fringe 

pattern) 

o e-beam arrival and timing jitter 

➢ IP-BPMs

o Re-design towards sub-10 nm, wide dynamic range 

and linearity (new electronics/digitizers)

➢ FONT IP feedback

o Font kicker to improve wakefields

➢ Multi-OTR system

o Focusing motor, Filter actuator, CDD cameras

o XPS with oriented motor 

IPBSM (nanometer beam size monitor)
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ILC-IDT
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ILC-IDT



Intensity dependence studies
Ultra-low b* studies

Collimator

Waveguide BPMEnergy bandwidth

Incoherent 

Diffraction 

Cherenkov 

Radiation 

Monitor

WP15: ILC FFS Technical Preparation Plan: Tasks

ILC-FFS Tasks : Maximize Luminosity potential of ILC

T1: ILC-FFS system design
T1.1: Hardware optimization

T1.2: Realistic beam line driven / IP design

T2: ILC-FFS beam tests

T2.1:  Long-Term stability

T2.2: High-order aberrations

T2.3: R&D complementary studies

Long Term stability High-order aberrations Instrumentation R&D

14
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ILC FFS - ATF3 objective and collaboration:

Based on the achievements of the ATF2 no showstopper for ILC has been found, ATF3 plan is to 

pursue the necessary R&D to maximize the luminosity potential of ILC. In particular the 

assessment of the ILC FFS system design from the point of view of the beam dynamics aspects and 

the technological/hardware choices and the long-term stability operation issues.

Long Term stability High-order aberrations Instrumentation R&D

Intensity dependence studies

Ultra-low b* studies

Collimator

Waveguide BPM
Energy bandwidth

Incoherent 

Diffraction 

Cherenkov 

Radiation 

Monitor7 December 2022CPM #37
15



ATF2 status 2021-2022

➢ Beam operation: 10 weeks (remains 2 in Dec. and 2 in Feb.2023)

- Limited manpower: member staying at KEK

- Limited operation weeks; Rising electricity ~ x3 of 2021 but an annual budget is flat 

➢ Not effective for nanobeam experiments 

- Need sufficient continuous operation to establish a stable study environment; 

especially for DR operation.

➢ Therefore, we are focused on:

- Improvement of beamline equipment, i.e., IPBSM, … 

- Training/education of the graduate students



Improvement of IPBSM

➢ Stabilization of the laser transport

o Laser hut environment: heat and vibration

o Renew laser table and its support on floor

o Transport; rigid frame and mirror holders

➢ Handling a Laser at IP

o install several laser position sensors

o Install a linear stage at 174°-mirror for the tilt correction 

of laser fringe  

➢ Maintain the high power laser 

o Cooling water system: pumps, tubes, connectors,…

o YAG amplifiers

Measurement of IPBSM was improved (confirmed in Jun. and Dec. operation)

➢ Modulation 0.2, which was previously difficult to recognize, is now well recognized

➢ Measurement in 174° mode (below 90 nm) is expected to be more stable, better than before.

IP-BSM is not just a laser



Stabilization of the laser transport in 2022

Laser transport: Pipe -> Box

Reinforced support frames (vertical mirrors) at both ends.

Vertical mirrors support (hut -> on shields -> IP)

Renewal of the laser table



Improvements in the ATF2 beamline in 2022

➢ Skew sextupole movers
o Installed movers for all skew sextupoles (4).

o Repositioning of poles and field 

measurements were conducted.

o We will renew these magnets for ATF3.

➢ Chicane at the joint of 

DR/EXT and ATF2
o Seasonal misalignment between 

DR/EXT and ATF2 because of 

different floors.

o Installed chicane to cure it and put 

QD20X (at middle of chicane) on 

the mover.

o It will relax the commissioning of 

ATF2.

➢ Movable wakefield source
o Vacuum box on mover has been installed at 

ATF2.

o Structure of wakefield source in a box is 

changeable for study.

o Ready for studies from Dec. 2022

QD20X on new mover



ATF2 Prospects for FY2023 operation

➢ Currently, we are assuming the severe electricity rates in our calculation of 

operating expenses for the next fiscal year.

➢ As an ATF group, we plan to apply for 15 weeks of operations for the next 

fiscal year.

o Roughly 5 weeks before Apr-Jun, 5 for Oct-Dec and 5 for Jan-Mar.

➢ This month, the Ministry of Finance will announce the budget allocation for the 

next fiscal year to each ministry and agency. Based on this, operating 

expenses will be allocated by KEK to each project by the end of January, 

and the total operating period of ATF will be determined.

➢ Part of the cost for the upgrade and operation of the ATF2 has been proposed 

as a new (ILC) R&D budget proposed to MEXT. We expect them for ATF3.
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➢ An ATF3 kick-off meeting is being organized for beginning next 2023 in Europe to

catalyze all the possible contributions.

➢ We have some tools on hand as the recently approved EAJADE (Europe–America–

Japan Accelerator Development and Exchange programme) focused in Higgs Factories,

with participation of major EU (CERN, INFN, CEA, DESY, CNRS, CSIC, UOXF), Japan

(KEK, Tokyo Univ., Tohoku Univ.) USA (BNL, FNAL, SLAC, JLAB, LBNL, Cornell Univ.)

and Canada (VISPA) labs.

ATF2-3 Opportunities

ATF2 final focus test beamline
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