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Introduction

KEK ATF-II



KEK ATF/ATF2, beam parameters

ATF parameters beam parameters 
at the beginning of the extraction line.
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ATF Extraction line

Beam energy 
Fractional energy spread 
Bunch charge  
Bunch frequency 
Bunch length 
Vertical emittance  ey

Horizontal emittance ex

1.28 GeV
6.4 x 10-4

~1 x 10  electrons10

1.56 to 6.24 Hz
30 ps
5 x 10  m rad-11

1.6 x 10  m rad-9

1. CSR study 
2. Compton experiments
3. Laser-wire study
4. OTR/ODR study
5. IPBSM
6. cBPMs (whole ATF2 beamline)

1.

1.

2.
3. 3.

5.
4.

• Develop the nanometer beam technologies for ILC 
• Key of the luminosity maintenance, 6 nm beam at IP (ILC)
• ATF2: Final Focus Test Beamline

• Small beam (Goal: 37 nm)  and Position stabilization in a few nm
22 May 2024 FKJPPN 2024 4



ATF2 beam line

22 May 2024 FKJPPN 2024 5

IPBSM- IP

highlighting the quadrupoles containing cBPMs and IPBSM IP
Ø Dispersion correction
Ø BBA

Ø Orbit correction

Achieved 44 nm (2014) with a good repeatability.
Now the tuning method to reach 37 nm is under 
development.



ATF2, IPBSM 

22 May 2024 FKJPPN 2024 6

Original name: 
“Laser-Compton Spot Size Monitor”

Ø Establish the ILC final focus method with same optics and 
comparable beamline tolerances

Ø ATF2 Goal : 37 nm à ILC 6 nm
l Achieved 41 nm (2016), obtained a good repeatability

Continued:
Ø Establish the tuning method to 37 nm.
Ø Study wakefields impact for ATF and ILC



• IP-BSM consists of:
– Nd:YAG Laser
– Laser Transport Line (LTL)
– Vertical table (laser FF-IP)
– Detection line:

• Collimator
• Detectors

– DAQ
– Timing system
– Software

22 May 2024 FKJPPN 2024 7

IP-BSM is not just a laser

This is schematics
Actual AOI=45deg

In and out paths are in 
the same planeIP-BSM overview



ATF timing Introduction
• Timing system provides:

– Precise Synchronization between 
accelerator subsystems.

– Triggers and Gates for DAQ.
– Triggers for diagnostic systems.
– Inhibit and Interlock signals.

• It is linked with LLRF system which 
includes:
– RF generation/distribution for:

• Accelerator cavities.
• Digital delays.
• Feedbacks
• etc

22 May 2024 FKJPPN 2024 8



Motivation and preliminary tests
• Outdated key CAMAC and NIM 

components.

• Low precision.

• Short range of Digital Delay.

• Complexity of the system:
– Distribution of Initial Trigger and 

RF clocks.
– Sensitivity for electrical noise.
– Legacy wiring/modules.
– Constant maintenance.

• Since 2021 in a collaboration 
with KEKB we started a study 
on EVENT-based Timing 
system. 

22 May 2024 FKJPPN 2024 9
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Preliminary tests
• After successful tests in the 

fall of 2021:
– 12-core fiber cable was 

installed between ATF master 
timing and ATF FF local timing 
hut.

– Event Generator  connected 
to ATF master timing.

– Event Receiver was installed 
to control ATF FF timing.

• 2022 operation shows 
better stability and higher 
precision of the new system.

22 May 2024 FKJPPN 2024 10

EVG – EVR testbench

EVG

EVG



2023/11/16

Optical cable 12 pairᲢExistingᲣ

Control rackᲢExistingᲣ

FF㟁※ᐊ FFPS Rack12

Main  PP 
INJ-CO-00

wiring rack䠄Existing䠅

Plan-2 (some existing cable used)

Ip PP 

Kicker PP

DR-PP1
DR-PP2

Laser

60m

80m

70m

30m

100m

Optical cable 12 pairᲢSupplide itemᲣ

Linac 20m

Optical cable 2 pairᲢNewᲣ

22 May 2024 FKJPPN 2024
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Timing fiber distribution upgrade in 2023



INJ-CO-00

Plan-2 (some existing cable used)

2023/11/16

Ip PP Kicker PP

Linac

DR-PP1 DR-PP2

60m

80m

70m

100m

135m

Optical cable 12 pairᲢExistingᲣ

(10 spare pairs)

FFPS Rack12
Relay, connection

(Currently using 2 pairs)

(Supplied items 12pairs)

Laser

30m

20m

Optical cable 2 pairᲢNewᲣ

Optical cable 12 pairᲢSupplide itemᲣ

Optical long pach LC-LC 2 pairᲢNewᲣ

LCx4

LCx4

SCx4

SCx4

SCx4

SCx4

Ip PP

Kicker PP

DR-PP1

DR-PP2

SCx4 SCx4

SCx4

Relay, connection

LC

SC

SC

LC

LC

LC

x10

x5

1m

1m

SCx4

LC-JJ
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Timing fiber distribution upgrade in 2023



Present status: LINAC and RF Gun laser timing 
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2022 Now

EVR

Old CAMAC
Digital Delay

Both systems were 
tested with e-beam
in March 2024

RF Gun laser hut



Present status: IP and IPBSM

22 May 2024 FKJPPN 2024 14

2022 Now
EVR

New system was 
tested with e-beam
in January 2024

ATF FF employs a new timing system since 2021



Present status: Kicker station and 
Damping Ring timing

22 May 2024 FKJPPN 2024 15

• EVR is installed.
• At present the CAMAC 

based system in use.
• Switching is foreseen after 

careful revision of existing 
system.

EVRs

DRKicker station



Summary: markers – EVG/EVR system
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2023/11/16

Optical cable 12 pairᲢExistingᲣ

Control rackᲢExistingᲣ

FF㟁※ᐊ FFPS Rack12

Main  PP 
INJ-CO-00

wiring rack䠄Existing䠅

Plan-2 (some existing cable used)

Ip PP 

Kicker PP

DR-PP1
DR-PP2

Laser

60m

80m

70m

30m

100m

Optical cable 12 pairᲢSupplide itemᲣ

Linac 20m

Optical cable 2 pairᲢNewᲣ



Short-term e- charge stability improvement

e- charge at: 2023 2024

Linac End ~0.01 ~0.005

IP ~0.01 ~0.005
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April 2023, only FF uses new timing system

March 2024, RF Gun laser, Linac, FF, IP 
use new system

Note: some beam “drops” suggest careful
RF Gun laser timing tuning

• Stability data taken for ~ 30 minutes
• Transmission was ~ 100%
• Average charge ~0.15E10 e/bunch

Peak-to-Peak data below shows 
about 2 times improvement!



ATF timing system upgrade summary
• Additional fibers and SINAP EVR modules with associated Patch 

Panels were installed in 2023.

• RF Gun Laser, LINAC, EXT, FF and IP already switched to a new 
timing system.

• Bucket selection (2-train operation mode) is now under study 
for a new timing system.

• Existing LLRF system is under review for potential upgrades.

• Completion of the timing system upgrade is foreseen in JFY 
2024.
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Why polarized electrons in SuperKEKB ?

19FKJPPN 2024

More info: https://indico.cern.ch/event/1411959/contributions/5934685

22 May 2024



How ?
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KEK+Hiroshima university

TRIUMPF + U. Victoria + ANL + BNL

IJCLab+U.Manitoba
U. Victoria

22 May 2024



Current status
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First tests of polarization lifetime expected in 2025 in SuperKEKB
(no modification to SuperKEKB yet)

22 May 2024



Compton polarimeter
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Plans
• Key aspect of the project is the implementation of a laser in 

SuperKEKB
– Not a easy task, but is simple to operate --> achievable

• Critical element to be validate well in advance is the 
synchronisation of laser on the accelerator clock

• Exploit the WhiteRabbit technology to precisely and simply 
transfer a clock from RF master oscillator to laser

• 2024-2025 plans: 
– Phase noise measurements at Orsay (ongoing)
– Implementation of a first test clock transfer at KEK
– Eventually implement synchronization of a laser on the RF clock, test 

may be easily done at the ATF
– Validate performance

• Planned travels (OrsayàKEK): June and October

FKJPPN 2024 2322 May 2024
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BACKUPS
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Performance
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<1% precision every 5min 
for each bunch is 
achievable

22 May 2024



IP-BSM overview
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Spectra-Physics Quanta-Ray PRO 350
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• Company specs:
– Type: Nd:YAG Q-switched
– E532nm = 1.4 J +/- 3%
– Pulse = 8ns +/- <0.5ns (FWHM)
– Rep. rate = 6.24 Hz
– M2  ~ 1.8 – 2.2 (vs tuning)

• Requires regular actions:
– Cleaning 
– Tuning
– Flash lamps replacement

28

Right now it is discontinued



Expander – reducer, measurements
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Existing laser transport line

Example of a strong astigmatism
Minimum in “t” direction

Minimum in “s” direction

Out of focus

Not perfect laser path tuning result in 
aberrated profile at IP

Laser IP spot
out of alignment

Designed path

Actual path

Chromatic Coma

Types of aberrations we experience

~18m



Cavity BPM Basics
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• Centered beam excites monopole 
mode (TM010).
– Amplitude dependent on charge

• Away from the center, other 
modes are excited. 
– First order dipole mode (TM110) 

depends linearly on beam offset 
and charge. 

• TM110 splits in 2 orthogonal 
modes.

• Beam excites other unwanted 
higher order modes.
– Requires suppression of 

unwanted modes.
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Collaboration, signal processing
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KNU

SLAC

KEK

RHUL Signal processing

• There were 2 preliminary studies by KEK and 
SLAC

• At present, 25 cBPMs and 2 REFs are in use



Signal calibration
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Implementation
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VME digitizers, LO and 
Calibration tone generators

LO and Calibration tone
amplifiers cBPM system Software

Also, parallel analysis for 2-4 bunch
beam was tested



Current problems and solution

• Slow calibration (4h/25 cBPMs)
• Difficult scalability

• Wakefields

• Calibration tone into the cavities
• Not a problem if above is 

implemented cavity
• New cavity design
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• Collaboration is ongoing with experimental studies.
• Discussion about RHUL staff long-term invited fellow to KEK.

2012


