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ATF2 Beamline
Investigation of
the focus lens system ATF Damping Ring

Low energy beam
production

Accelerator Test Facility (ATF)
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• Designed, constructed, and beam tested thought ATF international collaboration
• Researchers and students from more than 20 countries have participated.

41.1 nm

Design beam size ; 37 nm

presented by Y. Kano and T. Okugi

at ECFA LC workshop 2016.

Minimum beam size 

Horizontal

Vertical

ILC Requirement ATF DR

γε𝑥 [rad ∙m] 𝟓. 𝟎 × 𝟏𝟎−𝟔 𝟒. 𝟎 × 𝟏𝟎−𝟔

γεy [rad ∙m] 𝟐. 𝟎 × 𝟏𝟎−𝟖 𝟏. 𝟓 × 𝟏𝟎−𝟖

Y. Honda et al., Physical Review Letters 92 (2004) 054802. 



Major Institutions Participating in the ATF
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Contributed via TYL/FJPPN



Beam Operation of JFY2025

JFY2023 JFY2024 JFY2025 

Operation week 14 20 14

Countries 7 5 5

institutions 11 7 6

person days 387 358 672
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214

246

70

62

34
46

JFY2025  Statistics of oversea collaboration

CERN

IFIC

IN2P3

Korea Univ.

RHUL

Univ. of Oxford

Beam operation
• 14 operating weeks in JFY2025.



Major Research Topics at the ATF3 Project

• Multipole field error mitigation

• Wakefield mitigation

• Beam instrumentation

• Beam stable operation
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• ATF2/ATF2 project has been performed based on the ATF international collaboration.
• Pursue the necessary R&D to maximize the luminosity potential of ILC. 

ILC FFS - ATF3 objective and collaboration

Goals of ATF2
• Achieving the IP beam size required for the ILC
• Stabilizing the IP beam position required for the ILC

Since certain achievements were made toward these goals, the ATF3 project is now underway.

Goals of ATF3
• Maintaining the beam (beam size and position) stably at the IP for a couple days



Extraction kicker
• JFY2023 Procurement of ceramic chamber
• JFY2024 Installation of ceramic chamber
• JFY2025 Kicker test will be started.

Skew Sextupole Magnets
• JFY2023 Procurement
• JFY2024 Installation

Vacuum Chamber to reduce wakefield

• JFY2023 Prototyping

• JFY2024 Installation

Magnet mover system

• JFY2023 Prototyping

• JFY2024 Installation for sextupole

• JFY2025 Installation for quadrupole

IP Beam size monitor
• JFY2024 Renewal of IP target
• JFY2025 Renewal of IP-BSM laser

Final Focus Magnet
• JFY2024 Procurement
• JFY2025 Installation

Timing System
• JFY2023 Partially installation
• JFY2024 Fully installation

Hardware preparation for ATF3 project in JFY2023-2025 
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2023 2024 2025 2026 2027

⚫ Procurement of  correction 
magnets

⚫ Beam operation and 
equipment upgrade

⚫ Reduction of high-order 
aberrations and wakefield

⚫ Beam operation and 
equipment upgrade

⚫ Precision improvement of 
nano-beam measurement

⚫ Beam operation and 
equipment upgrade

⚫ Advanced beam tuning 
technology

⚫ Beam size <37nm

⚫ Advanced beam tuning 
technology

⚫ long-term stability (keep for a 
couple day)



2023 Design/manufacture/delivery
2024 Installation and beam studies with the magnets 

Magnet mover control system
2023   Prototyping and test
2024-2027   Install to ATF beamline step-by-step  
2024  5 FF sextupole and 3 FF quadrupole movers 

Skew Sextupole magnets

2024 Design/manufacture/delivery
2025 Installation and beam studies with the magnets 

Final focus magnet

Hardware preparation
for multipole field mitigation and correction
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Multipole field error mitigation
• Easy to make conditions with greater multipole impact than ILC
• Ideal accelerator to test the effect of the multipole field error
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• JFY2024 Procurement

• JFY2025 Installation
✓ Magnetic measurement
✓ Installation
✓ Alignment
✓ Beam test from November 2025

Renew the final focus magnet

Result of the magnetic measurement
• Improve higher order magnetic field 
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Low beta optics than nominal ATF2 IP
by utilizing the focus magnet with small multipole field error



Ultra low beta* at ATF2 beamline
Andrii Pastushenko (CERN) @LCWS2024

Small beam size achievements (June 2019)

• Research on multipole field control more difficult than ILC.
• Applied to beam focusing for accelerators such as CLIC.

Octupole magnet fabricated by CERN 
for use in this research
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• Contributed to Flight simulator project to learn the beam tuning of ATF2 beamline.
• To be tested the ultra-low beta optics from 2026 by using new upgraded focus magnet. 



Large beam

Small beamBy comparing the beam
with the laser interference pattern,
the beam size can be evaluated.

2-8 deg. mode
30 deg. mode

174 deg. mode

• The accuracy of the beam size monitor improved after the laser was replaced.
• With the hardware upgrade, preparations for beam tuning starting in JFY2026 are now complete.

Advancing of IP beam size measurement after IP-BSM laser renewal

ATF IP beam size monitor Dynamic range of ATF IP-BSM  
The same beam size 
was measured in 
different cross angle 
modes, 
the modulation in 
each mode was as 
expected.

It became possible to 
generate ideal 
interference fringes 
at ATF IP after the 
laser was replaced.
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• Advanced research on the latest beam tuning technology through international collaboration.

• The introduction of parameter optimization using machine learning has improved the accuracy 
of beam tuning.

• Reinforcement learning for beam alignment technology utilizing big data via flight simulator.

Machine learning technology

Bayesian optimization was employed to improve 
scanning speed during wide-range parameter scans.

Example of Ay parameter optimization

For fine-tuning parameter optimization, high 
precision was achieved in a short time through 
optimization utilizing a Gaussian fit model.

Developing by M.Sato
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Calibration of multi-OTR screen

• Accurate emittance measurements at the extraction line are essential for correctly evaluating emittance growth 
from the ATF damping ring to the extraction line.

• The ATF is equipped with four OTR monitors (minimum measurable beam size: 5 μm) for emittance measurement.

• We are advancing the advancement of emittance measurement using OTR monitors through international 
collaboration with institutions such as IJClab.

Emittance measurement by utilizing multi-OTR monitors
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Wakefield mitigation

ATF review 2020 by K.Kubo

• Larger IP beam size growth than ILC
• Ideal accelerator to test the effect of the wakefield to nanobeam 

Larger impact than ILC

IP beam size growth at ATF
wakefield

14

ILC

https://doi.org/10.1103/PhysRevAccelBeams.23.071003



• ICT70 flange, bellows, screen monitor and so on are arranged in beamline.

• ICF70 flange, bellows are the major wakefield sources in ATF2 beamline. 

• JFY2023 : The effect of wakefield on ICF70 flange and the effect of RF mask to reduce it were tested with test chamber.

• JFY2024 : Based on the results, low impedance flanges, bellows were designed and fabricated, and beamline was updated.

• JFY2025: The effectiveness of the vacuum components in reducing the wakefield effect on the nano-beam will be tested.

Wakefield study at ATF2 beamline
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ATF2 incoherent Cherenkov diffraction radiation
Kacper Lasocha (CERN) @LCWS2025
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• Development of non-destructive beam size monitor for high power beams.
• Academic research for feature of Cherenkov diffraction radiation

• Characteristic tests of Cherenkov DR using beams.

• Difficult to separate from Cherenkov light by beam tail.

• Develop a device that includes a collimator to cut the beam tail a
from 2025 autumn.

Beam test results in 2023-2025
Upgraded ChDR setup

New vacuum pump to improve the 
vacuum level will be installed and 
to be tested at 2026 autumn. 



Cavity BPM for ILC Main Linac
Laura Karina Pedraza (IFIC) @LCWS2025

• The re-entrant designed by Saclay has been performed to 
enhance BPM sensitivity and spatial resolution at the end of 
ATF2 linac from May 2025.

• The re-entrant BPM was optimized to ILC ML and fabricated 
by IFIC, and will be tested at the ATF from May 2026.

Figure: Cryostat accommodating BPM and SC quadrupole
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Methods employed to enhance the spatial resolution and meet the Main Linac requirements.

• A preliminary plan is underway to develop a 
prototype integrating the SCQ and BPM assembly 
into a test cryostat.

Re-entrant cavity BPM

Example of the cavity BPM test cryostat



Timing system upgrade

KEK ATF Linac klystrons High-Power 

RF field phase and amplitude stability.

Konstantin Popov (KEK)
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Alex Aryshev (KEK)



White Rabbit + IDROGEN board based low-level RF system

• Approved at ATF technical board meeting on October 2025.

• The system test has been performed at ATF accelerator.

Test at ATF accelerator in collaboration of KEK and IJClab
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- Share the ATF2/ATF3 goal with all collaborators (beam stability over several days).
- Confirm the present status and achievements to the ATF2/ATF3 goal.
- Clarify how each group's research relates to the ATF2/ATF3 goal.
- Confirm the schedule for the next two years to achieve the goal.

ATF project meeting (2025/11/27-28)
Report ; https://agenda.linearcollider.org/event/10859/attachments/40878/65154/Summary_ATF_project_meeting.pdf
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Participants: all collaboration
(17 in person, 10 remote) 

We confirmed in this meeting that

• Most of the ATF beam time for FY2026 
and FY2027 will be dedicated to 
achieving the ATF2/ATF3 goal. 

• Cooperation toward the common 
objectives (ATF2/ATF3 goal) of each 
group was reconfirmed.



Thank you for your attention
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Backup
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Timetable of ATF project meeting

• Share the ATF2/ATF3 goal in collaboration 
• Hardware status and upgrade plan 

Presentation from each study group 
about the present status and how to 
contribute to the ATF2/ATF3 goal.

• Discussion about each group 
contribution to ATF2/ATF3.



Machin Learning (CERN, KEK, IJClab )

Possible contribution of CERN
• Flight simulator development based on RF-Track (LINAC, BT, DR, EXT and ATF2 beamline)
• Integration to CERN Flight simulator (mOTR, wkefield knob etc.) 
• Supervised Learning (beam tuning utilizing with DFS, WFS etc.)
• Unsupervised Learning (SVD etc.)
• Remote participation is important to develop all of these items 

➢ Protection to access to ATF hardware from outside KEK may restricted by epics PV setting ?

Possible contribution of KEK
• Integrate the present ATF beam tuning procedure to FS (dispersion correction, IP beam size tuning etc.).
• Develop the RL to IP-BSM tuning.
• Development of the beam long-term stabilization tool.
• Big data acquisition to investigate the beam unstable source

Possible contribution of IJCLab
• Emittance measurement at EXT.

24

A. Latina (CERN), Wictoria Malek (CERN), P. Korysko (Univ. Oxford), A. Faus Golfe (IJCLab), A. Korsun (IJCLab),
M. Sato (KEK), A. Aryshev (KEK), T.Okugi (KEK)

Each Group Contribution to MEXT-ATD

✓ Contribute to the beam size minimization and stabilization
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Machine Learning Study



Ultra-low beta study (CERN) 
Possible contribution
• Investigate the effect by multipole field error by utilizing ultra-low beta optics 

R. Tomas (CERN), L. Kennedy (CERN), C. Callieri (CERN)

Cherenkov DR (CERN) 
Possible contribution
(1) Beam size and position measurement by OTR mode

➢ Help to observe the beam size at high beta region (beam divergence and coupling measurement)
(2) Bunch length measurement 

➢ Help to the wakefield study
➢ However, need streak camera 

R. Kieffer (CERN), O. Vermere (CERN)

✓ Contribute to the beam size minimization
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A. Martens (IJCLab), D. Charlet (IJCLab), K. Popov (KEK), A. Aryshev (KEK)

Timing system (IJClab, ATF and SuperKEKB) 

Contributed to LO stabilization, especially contribute to
• LR RF and feedback for damping ring RF system
• Delta-F ramp (energy change at DR, EXT and ATF2 beamline)
• Cavity BPM system in ATF2 beamline

FONT (Oxford University) D. Bett (Oxford Univ.)

Possible contribution
• Beam stabilization for 2nd bunch (original FONT)
• Beam stabilization for single bunch (just the idea)

➢ Feedforward with respect to the grand motion (need to support to the grand motion 
measurement)

➢ Feedforward with respect to the  DR orbit 
• Integration to ATF control system.

✓ Contribute to the beam stabilization
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ML BPM (Korea University) 
Possible contribution
• BPM development for ILC ML (a part of contribution to ITN WP-2) 

ML BPM (IFIC) 

Possible contribution
• BPM development for ILC ML (a part of contribution to ITN WP-2) 
• Alignment test in cryomodule is also planed (not at ATF) 

Nuria Fuster Martinez, Laura Karina Pedraza

Soohyung Lee

✓ Contribute to the beam stabilization monitor development 
for ILC main linac (ITN WPP-2)



The time schedule for nanobeam development of ATF2/ATF3

Beam stabilization for long-term stabilization

JFY2023 JFY2024 JFY2025 JFY2026 JFY2027

Multipole field

Wakefield

Magnet

Beam tuning
Magnet mover

Vacuum chamber 

Beam tuning with latest tuning technologies

Wakefield effect reduction 

IP-BSM laser

Orbit jitter reduction with FONT feedback
Higher order aberration reduction

Beam diagnostics

37 nm beam size

Timing system Kicker RF system

Beam control with latest tuning technologies

few days
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Beam size 
minimization

Beam 
Stabilization

Highly quality beam diagnostic devices is necessary for this purpose. 

JFY2026 main target



IP target replacement
• The new target was installed in the beamline in February 2025.

• If IP target is misaligned, the laser interference 
fringes used for IP-BSM may be tilted.

• It is necessary to identify whether the beam tilt 
observed by IP-BSM is due to the monitor origin 
or the beam itself being tilted.

IP-BPM has been removed and replaced 
with a structure that supports the target 
from both ends.

Original
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• The bidding is finished.

• Quantel has won.

• Delivery of the new system is expected in January 2026.

• Laser installation will require:

• Re-arrangement of the IPBSM laser table including, mechanical 
attenuator and periscope system.

• Minor laser safety box modification.

• Re-tuning of the laser path.

• Laser control and monitor software.

• Laser safety inspection.

• Initial startup and Quantel hands-on training is expected within 2 
weeks after laser arrival to KEK.

• IPBSM monitor full recovery and initial beam tests are expected 
within 1 month after laser arrival to KEK (mid- end February 2026). 

New laser system timeline

Lum ib ird  ha s loca tions a cr oss the g lob e 
tha t a re a va ila b le to p rovid e sup p ort 
for a n y p rod uct, service or inq u iry.
Visit www .lum ib ir d .com  to connect w ith  a n y o f ou r g lob a l sit es.

Many op tions a nd  confi gura tions a re a va ila b le.

Plea se conta ct Lum ib ird  to fi nd  the best m a tch for 

your needs a nd  com pa tib ility between op tions.

www.quantel-laser.com

Merion  MW  HP
Hig h Power Modula r W aveleng ths 
d iode-pum ped pulsed  Nd :YAG la ser

MAIN FEATURES MAIN APPLICATIONS

•  Power up to 10 0  W  @  10 64  nm

•  Lightweight and com pact design

•  Repetition rate up to 20 0  Hz

•  Plug  &  play harm onics w ith  autom atic phase-m atch ing

•  Excellent beam  quality and poin ting  stability

•  Quick connect cables and cooling  lines

•  Sing le Long itudinal M ode (SLM ) option  available

•  Diode warran ty: 5 billion  shots

• LiDAR

• MATERIAL PROCESSING

• ABLATION

• LASER PEENING

• LASER ULTRASOUND

• DYE, OPO AND Ti:Sa PUMPING

• LIF

• SPECTROSCOPY

Typical beam prof les

Merion MW HP
Near f eld @ 1064 nm

Merion MW HP
Near f eld @ 532 nm

Merion MW HP
Far f eld @ 1064 nm

Laser head

New IP-BSM laser system
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2023 Design/manufacture/delivery
- The magnets were delivered on March 2024

2024 Installation and beam studies with the magnets 

Skew Sextupole magnets
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ATF2 Cavity BPM system with calibration pulse injection 
Alexey Lyapin (RHUL) @LCWS2025

• Cavity-quad offsets: reduce the useful dynamic range.

• Regular calibrations required.

• Wakefields (as a consequence of the offsets).

Calibration pulse injection

Amplitude of the BPM signal 
(wakefield of cavity) was reduced 
by using calibration pulse injection.
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• 14 operation weeks or more.
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Tentative beam operation schedules for JFY2026
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