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e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Damping Ring

Beam dump

Interaction point

Physics Detectors

Å Creating particles Sources

ïpolarized elections/positrons

Å High quality beams Damping ring

ïLow emittance beams
Å Small beam size (small beam spread)

Å Parallel beam (small momentum spread)

Å Beam transport RTML (bunch compressor)

Å Acceleration Main linac

ïsuperconducting radio frequency (SRF)

Å Getting them collided Final focus

ïnano-meter beams

Å Go to Beam dump

Technology of the ILC
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e+ RTML

e- RTML



ILC beam structure
The ILC is operated at a repetition rate of 5 Hz.
A beam pulse comes every 200 milliseconds.

Each beam pulse includes 1,312 bunches.
Bunch interval is 554 nanoseconds.

Each bunch consists of 20 billion electrons (3.2 nC).
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Generation of polarized electron
3 step model for electron emission 

1. At the Super-lattice (SL) layers, electrons 

are pumped by Circularly polarized laser

from the highest valence  band to  

conduction band.

2.  Excited electrons are diffused  to surface .

3.  Electrons are emitted through the NEA 

(Negative Electron Affinity) surface.

These processes contribute parameters such as 
Polarization, Quantum Efficiency(QE).

Energy Gap (structure design)  corresponds to ˂.

Vacuum
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Electrons excited from the heavy hole and from the light hole have different spins.

When the degeneracy of these two levels is solved and electrons are excited

from one level, max. 100% spin polarization can be obtained.



Results at Nagoya Univ.

ÅStrain-Compensated Superlattice
ïHigher crystal quality
ïThicker superlattice

ÅObtained
ÅPol. ~92%

ÅWith QE 2.2%

Å~90% looks realistic
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Parameter Requirement Design Achieved Unit Facility

Bunch Charge 3.2 4.8 8.0 nC SLAC-SLC

Average Beam current 21 42 1000 mA JLAB

Beam current in pulse 5.8 11.6 60 mA Cornell U. 

Polarization 80 80 90 % Nagoya, SLAC, KEK

Quantum Efficiency 0.5 0.5 2.2 % Nagoya

Drive Laser (in pulse) 1.8 10 >10 W Commercially 
available
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Demonstrated ILC parameters (e- source)
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125GeV
electron

QWT
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Positron Source (Undulator)
125 GeV electrons are injected to the helical undulator. The photons produced at the undulatoris used for 
the electron/positron pair creation at the rotating target. Polarized positrons can be generated.

Two undulators in one cryomodulewere tested.Both achieved nominal magnetic fields.

test at Daresbury

Positron source will be reported at Tuesday Accelerator Plenary
K.YokoyaάtǊƻƎǊŜǎǎ ƻŦ ǘƘŜ !ŎŎŜƭŜǊŀǘƻǊ 5ŜǎƛƎƴέ
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Positron Source (e-Driven)
Extra 3GeV linacis used for the positron generation. High energy electrons are not necessary. (Electron 
independent commissioning is possible. However, polarization is not available.)

Each beam pulse includes 33x2 bunches.

Total 20x5 beam pulses per sec.



E-Driven undulator Existing X-ray generator

Cooling/Seal water/magnetic 
fluid

Radiation/ magnetic 
levitation

water/magnetic fluid

radius 250 500 160

weight kg) 65* 50* 17

Tangential velocitym/s) 5 100 160

rotation (rpm) 200 2,000 10,000

Beam heat load(kW) 20 2 90

Vacuum pressurePa) 10-6 10-6 10-4

Positron rotating target

*The weight depends on the design of the disk part and the material

Shin MICHIZONO, LCWS2019
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- Reliable rotating target 
- Replacement of rotating target
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Parameter Requirement Design Achieved Unit Facility

Bunch Charge 3.2 4.8 8.0 nC SLAC SLC  (E-Driven)

Undulator pitch 11.5 11.5 2.5 mm SLAC E166

Positron Polarization (optional) 30 30 80 % SLAC E166

W-Re Target Heat Load (PEDD* for E-
Driven)

34 70 J/g SLAC SLC (E-Driven)

Ti alloy Target Heat Load (PEDD for 
Undulator)

61 160 J/g Estimated from 
physics constant table 

Flux Concentrator Peak field (E-Driven) 5.0 5.0 10 T BINP

QWT peak field (Undulator) 1.0 1.0 2.3 T KEK
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Demonstrated ILC parameters (e+ source)

PEDD: peak energy deposition density 
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Existing

Plan

Damping ring 
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Horizontal emittance is smaller at MAX IV.
Vertical emittance is smaller at Australian LS, SLS, DIAMOND.

²ƻǊƭŘǿƛŘŜ ƭƛƎƘǘ ǎƻǳǊŎŜǎΩ ŜƳƛǘǘŀƴŎŜ



Extracted beam signal

Bunch extraction test at ATF

Beam extraction by fast kicker

T.Naitoet al., PR ST-AB 14 (2011) 051002 T.Naitoet al., NIMA 571 (2007)599.

Fast Kicker waveform

ATFexp. ILC

DR 5.60 ns 6.15 ns

extraction 302-308ns 554 ns

Bunch-space at ATF exp. and ILC
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DemonstratedILCparameters(DampingRing)

Parameter Requirement Design Achieved Facility Comment

HorizontalEmittance(‐) πȢτÎÍ πȢτÎÍ 0.34nm MAX-IV
Pedro F. Tavares, 2017 
PhangsWorkshop

VerticalEmittance (‐) ςÐÍ ςÐÍ ςÐÍ
SLS, Australian LS, 
Diamond LS

TDR

NormalizedEmittance (‎‐Ⱦ‎‐) τȢπʈÍȾςπÎÍτȢπʈÍȾςπÎÍτȢπʈÍȾρυÎÍATF
Y. Honda et al., PRL 92
(2004) 054802. 

Fast Ion instability SuperKEKB On going

Electron Cloud Instability SuperKEKB/CesrTA On going

KickerRiseTime < 6.15ns < 3.07ns 2.2ns ATF
T. Naito et al., NIMA 571
(2007) 599.

KickerVoltage 10kV 10kV ρ0kV ATF

T. Naito et al., PR ST-AB 14
(2011) 051002.

KickerVoltagestability 0.07% 0.07% 0.035% ATF

KickerFrequency 1.8MHz 2.7MHz 3.25MHz ATF

Fast Kickerextractiontest ATF
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RF cavity

Chicane, etc.

Energy difference 
in the bunch

The optical path difference can 
be made by the difference in 
energy.

RTML (Bunch compressor)

ά.ǳƴŎƘ ŎƻƳǇǊŜǎǎƻǊέ ŎƻƳǇǊŜǎǎŜǎ ǘƘŜ ōǳƴŎƘ from 6 mm to 0.3 mm before entering the main 
linac(15GeV).
This final bunch length is one or more orders of magnitude longer than FEL etc., so it is not 
difficult (egSACLA; FWHM 3 "˃m").

If the phase of the RF cavity is jittered, jitter occurs in the arrival time of the beam at the 
collision point. Therefore, the phase jitter of the RF cavity of the ILC bunch compressor must 
be kept within 0.24 (0.15 mm). (but not difficult compared with the XFEL requirements of 
~0.01 )
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Demonstrated ILC parameters (RTML)

Parameter Requirement Design Achieved Facility Comment

BC phase error 0.24 0.042 KEK-STF M.Omet, Ph.D
thesis (2014)BC amplitude error 0.5% 0.041% KEK-STF

Horizontalemittance 
increase (‎‐)

ρʈÍ

RTML (πȢτχʈÍ) ,
BC (πȢτσʈÍ),
ML (πȢππʈÍ), 
total (πȢωπʈÍ) 

In simulation TDR

Vertical emittance
increase(‎‐)

15 nm
RTML (6.4nm) ,
ML (4.5nm),
total (10.9nm)

In simulation TDR
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Electron Source

Damping Ring

Positron Linac

Electron Linac

Detectors

Positron Source

Beam dump

Beam dump

Superconducting Accelerator

DESY Euro-XFEL

RF unit (below) is placed repeatedly in a line
Klystron: RF power is generated

Waveguide : RF power is distributed

Beam bunch: 

Cryomodule

Cryomodule: 8 cavities are included��

Interval of beam bunch
Accelerating field in cavity

It is repeated in 5Hz

Acceleration gradient

RF pulse length

Beam pulse length (1ms, 5Hz)
1312 Beam bunchs

Beam Acceleration in Main Linac
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