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Luminosity in an e+e- collider
Luminosity formula:

The limit for N is the beam 
stability in the main linac

The limit for nb is the RF 
pulse length

HD = disruption parameter



• Small vertical emittance
• Nanometer level normalized emittance
• Damping rings required
• Challenging emittance preservation

• Small beta function at IP
• Challenging optics in the beam delivery system
• Challenging stability requirements

• High average current
• Challenges the RF

• To improve the luminosity spectrum
• Flat beam:  σy << σx 
• Comes naturally from damping rings

This applies to both electrons and positrons
4

To maximize luminosity
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CLIC 380 GeV IP beam energy = 190 GeV
IP beam size = 149/2.9 nm
IP e=spread = 0.35%
Bunch length = 70 um
Crossing angle = 16.5 mrad
DB beam power = 20 MW
MB beam power = 2.78 MW

Baseline electron polarisation ±80% 6

Main beam emittances 
at DR exit: 700 nm / 5 nm
IP beam size: 149 nm / 2.9 nm

PETS – Power Extraction and transfer structures
To provide  72 MV/m accelerating gradient



CLIC 3 TeV IP beam energy = 1.5 TeV
IP beam size = ~40/1 nm
IP e-spread = 0.35%
Bunch length = 44 um
Crossing angle = 20 mrad
DB beam power = 20 MW
MB beam power = 13.8 MW

Baseline electron polarisation ±80% 7

NC X-band:  12 GHz - 100 MV/m

Main beam emittances 
at DR exit: 700 nm / 5 nm
IP beam size: 40 nm / 1 nm

140 µs train length - 24 × 24 sub-pulses 
4.2 A - 2.4 GeV – 60 cm between bunches 

240 ns 

 24 pulses – 101 A – 2.5 cm between bunches 

240 ns 
5.8 µs 

Drive	beam	*me	structure	-	ini*al	 Drive	beam	*me	structure	-	final	



CLIC main parameters

Technology driven (limited)Physics driven Luminosity driven
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CLIC main beam injector complex 

2.2 Main-Beam Injectors

vertically before injection into the DR.

Table 2.2: Beam parameters at the entrance of the Pre-Damping Ring for polarized electrons and for
positrons at 2.86 GeV.

Parameter Unit Polarized electrons Positrons

E GeV 2.86 2.86
N 109 6 6
nb - 352 352
�tb ns 0.5 0.5
tpulse ns 176 176
‘x,y mm mrad < 25 7071, 7577
‡z mm < 4 3.3
‡E % < 1 1.63
Charge stability shot-to-shot % 1 1
Charge stability flatness on flat top % 1 1
frep Hz 50 50
P kW 45 45

The CLIC positron source consists of a 5 GeV electron beam impinging on a tungsten hy-
brid target (one thin crystal target plus one thick amorphous target) taking advantage of photon
enhancement via the channelling process. The positrons are captured after the target with an
adiabatic matching device and a 2 GHz capture linac accelerating the positrons up to 200 MeV.
One target station is su�cient because recent simulations and updates to the system showed
that the positron yield from the target to the Pre-Damping Ring (PDR) could be increased by
a factor 2.5 compared to the CDR value of ¥ 1 e+/e≠ [1]. The beam current of the primary
electron linac was therefore reduced by the same factor leading to significantly less peak power
deposition density in the amorphous target. More details can be found in Chapter 8.

Several changes have been implemented in the DR complex relative to the systems de-
scribed in the CDR [3]. The CDR employed a PDR for both the electron and positron beams,
operated at an RF frequency of 1 GHz, preceding the main DR, operated at the same RF fre-
quency. A delay and recombination loop, downstream of the main rings, would provide a unique
train with the required 2 GHz bunch structure. The beams would spend 20 ms in each DR. The
updated scheme consists of changing the RF frequency from 1 to 2 GHz throughout, removing
the need for the Delay Loop. The PDR for electrons is also no longer needed because the elec-
tron injector is capable of delivering an emittance smaller than 25 mm mrad and can be injected
directly into the DR. In contrast, with its high incoming emittance, the positron beam continues
to require a PDR. Thus, the positron bunch train is delayed 20 ms relative to the corresponding
electron beam, and is therefore synchronous with the subsequent electron bunch train given the
50 Hz train repetition frequency. Finally the yield in the positron production chain has been
increased significantly and a single positron production target is su�cient instead of two parallel
targets as in the CDR.

The beam parameters at the entrance to the rings have changed slightly relative to the
CDR and can be found in Table 2.2. The bunch charge is increased and the number of bunches
is slightly higher. The bunch spacing is now 0.5 ns and therefore the train length is shorter. The
injectors have been designed to be able to provide about 15 % more intensity than needed at the
input of the DR. The electron and positron beams are accelerated on di�erent parts of the same
RF pulse both in the Injector Linac and in the Booster Linac. The time interval between the
first electron and positron bunch, in both the Injector and Booster Linacs, is 3.4 µs, matching

5

DR = Damping ring
PDR = Pre-damping ring

Beam parameters at the entrance of the damping rings
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CLIC main beam electron source

The CLIC polarized electron 
source uses a DC-photo injector 
followed by a 2 GHz bunching 

and accelerating system

The spin-polarized electrons are 
generated using a polarized laser 

impinging on a strained GaAs 
cathode

Such cathodes have been used at 
several accelerator laboratories 

and demonstrated the CLIC 
requirements in terms of lifetime 

and charge extraction [1]

The electrons are accelerated in 
a pre-injector up to 200 MeV 
before being injected into the 
common injector linac which 

boosts their energy to 2.86GeV

A spin rotator orients the spin 
vertically before injection into 

the DR

2 Baseline Collider Design
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Spin polarization at cathode

From the paper cited in the previous slide.

The maximum polarization measured at the SLAC CTS / GTL is ~87% versus 
~91% measured in Russia.



Property RTML entrance RTML end Unit

Energy 2.86 9 GeV

Bunch charge 0.84 nC

Bunch length 1800 72 μm

Energy spread 0.12 1.7 %

Norm. emittance x/y 700/5 850/10 nm

12

CLIC Ring-to-Main-Linac section

Beam parameters

With arbitrary polarization for the electrons



13

CLIC Drive beam electron source
The Drive-Beam pulses are generated by a 140 keV thermionic gun. 

4 ACCELERATOR PHYSICS DESCRIPTION OF THE DRIVE BEAM COMPLEX

Table 4.1: Main parameters of DBA and DBA injector

Parameter Symbol Value Unit

Injector parameters
Beam energy E 50 MeV
Bunch length sb 3 mm
Energy spread r.m.s. D E/E < 1 %
Normalized transverse emittance ge < 100 µm
Drive Beam linac parameters
RF frequency fRF 1 GHz
No. of structures in injector Ns.INJ 12 –
No. of structures at DBL1 Ns.DBL1 92 –
No. of structures at DBL2 Ns.DBL2 715 –
Final beam energy Ef 2.4 GeV
Bunch charge qb 8.4 nC
Initial bunch length sb,i 3 mm
Final bunch length sb,f 1 mm
Bunch separation Dtb 0.6 m
Pulse length tpulse 142 µs
No. of bunches /pulse Nb 70882 –
Energy spread DE/Ef < 0.35 %
Normalized r.m.s. transverse emittance ge < 110 µm

Gun

Bucking coil

PB BuncherSHB 1-2-3 Acc. Structures
Quadrupoles

Magnetic chicane

Slit

Solenoids

Fig. 4.2: Layout of the Drive Beam injector.

4.1.2.2 Drive-Beam Linac 1 (DBL1)

The first linac (DBL1) consists of 92 accelerating structure and brings the beam energy to 300 MeV. As
will be discussed in §4.1.3.3, each FODO cell in DBL1 holds two accelerating structures for improved
beam stability. A strong short-range wakefield, which is introduced by the high bunch charge, tends to
create a positive energy chirp. The accelerating structures are operated at the RF phase angle of 27.5�,
so as to ensure the energy slope suitable for bunch compression in this condition.

4.1.2.3 Bunch compressor

Four types of preliminary design have been studied for the bunch compressor so far, as discussed in
§4.1.3.3. To compensate potentially large phase jitters, a chicane with R56 =�0.1 m has been chosen.
However, this does not accomplish a full bunch compression, leaving some remaining energy chirp. The
accelerating phase in the second linac section (DBL2) is such as to compensate the chirp and minimize
the final energy spread.

222

The bunching system is composed of three sub-
harmonic bunchers (SHB) which operate at a 
frequency of 499.75 MHz, followed by a pre-buncher 
(PB) and a travelling-wave buncher, both operating at 
999.5 MHz.
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CTF3 PHIN gun high-current operation

https://doi.org/10.1103/PhysRevSTAB.15.022803

Demonstrated at CTF3:
- 1908 bunches, 
- 2.33 nC each,
- 1.5 GHz bunch frequency

Total charge of 4.4 μC 
extracted and accelerated

Cs2Te cathode

https://doi.org/10.1103/PhysRevSTAB.15.022803
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ILC250 GeV

[ Shinichiro MICHIZONO, Report on ILC status, LCWS2021 ]

ILC 250 accelerator is 20 km long e-/e+ collider -> a Higgs factory.
Key technologies at the ILC are superconducting RF (SRF) and nano-beams.
• Nano-beam technology has been demonstrated at ATF hosted by KEK
• SRF technology has been widely adopted at XFELs such as European XFEL.
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ILC electron source

[ ILC TDR, Volume 3.II: Accelerator Baseline Design, 2013 ]

The polarized electron source is located in the central-region accelerator tunnel together with the 
positron Beam Delivery System

2.3. Accelerator Layout and Design

Space is foreseen in the tunnel for a third ring (second positron ring) as a possible upgrade. The
damping ring complex is located in the central region, horizontally o�set from the interaction region
by approximately 100 m to avoid the detector hall. Two transfer tunnels connect the damping ring
tunnel to the electron and positron main accelerator tunnels respectively (see Fig. 2.9).

Figure 2.9
Damping ring location
in the central region

The damping-ring lattice follows the race-track design shown schematically in Fig. 2.10. The two
arc sections are constructed from 75 Theoretical Minimum Emittance (TME) cells. One of the two
712 m-long straight sections accommodates the RF cavities, damping wigglers, and a variable path
length to accommodate changes in phase (phase trombone), while the other contains the injection
and extraction systems, and a circumference-adjustment chicane.

Figure 2.10
Schematic of the damping-ring lay-
out.

Approximately 113 m of superferric wigglers (54 units ◊2.1 m) are used in each damping ring.
The wigglers operate at 4.5 K, with a peak field requirement of 2.16 T (positron ring 10 Hz mode).

The superconducting RF system is operated in continuous wave (CW) mode at 650 MHz, and
provides a maximum of 20 MV for each ring, again specified for the positron ring in 10 Hz mode
(nominal 5 Hz operation requires 14 MV for both electron and positron). The frequency is chosen to
be half the linac RF frequency to maximise the flexibility for di�erent bunch patterns. The single-cell
cavities operate at 4.5 K and are housed in twelve 3.5 m-long cryomodules. The RF section of the
lattice can accommodated up to 16 cavities, of which 12 are assumed to be installed for the baseline.

The momentum compaction of the lattice is relatively large, which helps to maintain single bunch
stability, but requires a relatively high RF voltage to achieve the design RMS bunch length (6 mm).
The dynamic aperture of the lattice is su�cient to allow the large-emittance injected beam to be
captured with minimal loss.

The electron-cloud e�ect in the positron damping ring, which can cause instability, tune spread,
and emittance growth, has been seen in a number of other rings and is relatively well understood.
Extensive R&D and simulations (Part I Section 3.5) indicate that it can be controlled by proper

Accelerator: Baseline Design ILC Technical Design Report: Volume 3, Part II 15

ILC central region
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ILC electron source

2.3. Accelerator Layout and Design

for the Main Linacs in the flat-topography design variant.
The need for the extensive surface infrastructure does not make KCS a cost-e�ective solution for

the mountainous topography, for which DKS has been adopted.

Figure 2.6
The Klystron Cluster
Scheme (KCS).

CTO CTO CTO CTO 

LINAC TUNNEL 

KCS BUILDING 
KLYSTRONS 

S
H

A
FT 

ROOM FOR 
UPGRADE 

For both KCS and DKS, the local power-distribution systems are essentially identical, other than
the number of cavities being driven. A key requirement is the ability to tune remotely both the phase
and forward power to each individual cavity, thereby supporting the ±20% gradient spread in the
accelerator, and thereby maximising the average available gradient.

2.3.2 Electron Source

The polarised electron source is located in the central-region accelerator tunnel together with the
positron Beam Delivery System. The beam is produced by a laser illuminating a strained GaAs
photocathode in a DC gun, providing the bunch train with 90 % polarisation. Two independent
laser and gun systems provide redundancy. Normal-conducting structures are used for bunching and
pre-acceleration to 76 MeV, after which the beam is accelerated to 5 GeV in a superconducting linac
using 21 standard ILC cryomodules. Before injection into the damping ring, superconducting solenoids
rotate the spin vector into the vertical, and a separate superconducting RF structure is used for energy
compression. The layout of the polarised electron source is shown in Fig. 2.7.

SC e- LINAC (5.0 GeV)

Damping Ring

L-band (b = 0.75) 
TW Bunching 

and Pre-Acceleration
DC Gun (2x)

Drive
Laser

(above
Ground)

Spin Rotation

Faraday Cup
and Mott 

Polarimeter
(13.5W)NC tune-up dump 

(11.3 kW)

SC tune-up dump (311 kW)

3.2 nC

140 keV - 76 MeV76 MeV - 5.0 GeV

Energy Collimation
(Vertical Chicane)

10 MW8 x 10 MW 10 MW
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5 
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H
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M

H
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Energy Compression

10 MW
SPARE
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Figure 2.7. Schematic View of the Polarised Electron Source.

Accelerator: Baseline Design ILC Technical Design Report: Volume 3, Part II 13

[ ILC TDR, Volume 3.II: Accelerator Baseline Design, 2013 ]

The beam is produced by a laser illuminating a strained GaAs photocathode in a DC gun, providing the 
bunch train with 90% polarization. Two independent laser and gun systems provide redundancy. 

Normal-conducting structures are used for bunching and pre-acceleration to 76 MeV, after which the 
beam is accelerated to 5 GeV in a superconducting linac using 21 standard ILC cryomodules. 

Before injection into the damping ring, superconducting solenoids rotate the spin vector into the 
vertical, and a separate superconducting RF structure is used for energy compression. 
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ILC electron source

[ ILC TDR, Volume 3.II: Accelerator Baseline Design, 2013 ]

Chapter 4
Electron source

4.1 Overview

The ILC polarized electron source must produce the required train of polarized electron bunches and
transport them to the Damping Ring. The nominal train is 1312 bunches of 2.0 ◊ 10

10 electrons at
5 Hz with polarization greater than 80 %. For low energy ILC operation (E Æ150 GeV /beam), the
source is required to run at 10 Hz. The beam is produced by a laser illuminating a photocathode in a
DC gun. Two independent laser and gun systems provide redundancy. Normal-conducting structures
are used for bunching and pre-acceleration to 76 MeV, after which the beam is accelerated to 5 GeV
in a superconducting linac. Before injection into the damping ring, superconducting solenoids rotate
the spin vector into the vertical, and a separate superconducting RF structure is used for energy
compression.

The SLC polarized electron source already meets the requirements for polarization, charge and
lifetime. The primary challenge for the ILC source is the long bunch train, which demands a laser
system beyond that used at any existing accelerator, and normal conducting structures which can
handle high RF power. R&D prototypes have demonstrated the feasibility of both of these systems
[60,61].

4.2 Beam Parameters

The key beam parameters for the electron source are listed in Table 4.1.

Table 4.1
Electron Source system pa-
rameters.

Parameter Symbol Value Units

Electrons per bunch (at gun exit) N≠ 3◊1010 Number
Electrons per bunch (at DR injection) N≠ 2◊1010 Number
Number of bunches nb 1312 Number
Bunch repetition rate fb 1.8 MHz
Bunch train repetition rate frep 5 (10) Hz
FW Bunch length at source �t 1 ns
Peak current in bunch at source Iavg 3.2 A
Energy stability ‡E/E <5 % rms
Polarization Pe 80 (min) %
Photocathode Quantum E�ciency QE 0.5 %
Drive laser wavelength ⁄ 790±20 (tunable) nm
Single bunch laser energy ub 5 µJ

81

The SLC polarized electron source already meets the requirements for polarization, charge and lifetime. 

The primary challenge for the ILC source is the long bunch train, which demands a laser system beyond 
that used at any existing accelerator, and normal conducting structures which can handle high RF power.

R&D prototypes have demonstrated the feasibility of both systems
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ILC photocathode and laser system

[ ILC TDR, Volume 3.II: Accelerator Baseline Design, 2013 ]

Chapter 4. Electron source

4.3 System Description

Figure 4.1 depicts schematically the layout of the polarized electron source. The key beam parameters
are listed in Table 4.1. Two independent laser systems are located in a surface building. The
light is transported down an evacuated light pipe to the DC guns. The beam from either gun is
deflected on line by a magnet system which includes a spectrometer, and it then passes through the
normal-conducting subharmonic bunchers, travelling wave bunchers and pre-accelerating sections.
This is followed by the 5 GeV superconducting linac. The SC linac has 8 10MW klystrons each feeding
3 cryomodules, giving 24 cryomodules, 21 required and 3 spares. The Linac-to-Ring transfer line that
brings the beam to the damping rings provides spin rotation and energy compression.

Figure 4.1
Schematic view of
the polarized Electron
Source.
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4.3.1 Photocathodes for Polarized Beams

Figure 4.2
Structure of a strained
GaAs/GaAsP superlat-
tice photocathode for
polarized electrons. Active Region
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Photocathode materials have been the subject of intense R&D e�orts for more than 20 years.
The most promising candidates for the ILC polarized electron source are strained GaAs/GaAsP
superlattice structures (see Fig. 4.2). GaAs/GaAsP superlattice photocathodes routinely yield at
least 85 % polarization with a maximum QE of ≥1 % (routinely 0.3 to 0.5 %) [62–64]. The present
cathodes consist of very thin quantum-well layers (GaAs) alternating with lattice-mismatched barrier
layers (GaAsP). Each layer of the superlattice (typically 4 nm) is considerably thinner than the critical
thickness (≥10 nm) for the onset of strain relaxation, while the transport e�ciency for electrons
in the conduction band can still be high [65]. The structures are p-doped using a high-gradient
doping technique, consisting of a thin (10 nm), very highly doped (5 ◊ 10

19
cm

≠3) surface layer
with a lower density doping (5 ◊ 10

17
cm

≠3) in the remaining active layer(s). A high-surface doping
density is necessary to achieve high QE while reducing the surface-charge-limit problem [66,67]. A
lower doping density is used to maximize the polarization [68]. With bunch spacing of ≥500 ns, the
surface-charge-limit problem for the ILC is not expected to be a major issue. The optimum doping
level remains to be determined. An alternative under study is the InAlGaAs/GaAs strained superlattice

82 ILC Technical Design Report: Volume 3, Part II

The most promising candidate photocathodes for the ILC polarized electron source are strained 
GaAs/GaAsP superlattice structures (see Fig. 4.2). 

GaAs/GaAsP superlattice photocathodes routinely yield at least 85 % polarization with a maximum QE 
of ∼1 % (routinely 0.3 to 0.5 %) [62–64].

The present cathodes consist of very thin quantum-well layers (GaAs) alternating with lattice-mismatched 
barrier layers (GaAsP). 

The laser system is based on Ti:sapphire technology.  To match the bandgap energy of GaAs 
photocathodes, the wavelength of the laser system must be 790nm and provide tunability (±20 nm) to 
optimize conditions for a specific photocathode. 



Chapter 6
Damping Rings

6.1 Introduction

The ILC damping rings include one electron and one positron ring, each 3.2 km long, operating at a
beam energy of 5 GeV. The two rings are housed in a single tunnel in the central region of the site,
with one ring positioned directly above the other. The damping rings must perform three critical
functions:

• accept e
≠ and e

+ beams with large transverse and longitudinal emittances and produce the
low-emittance beams required for high-luminosity production;

• damp incoming beam jitter (transverse and longitudinal) and provide highly stable beams for
downstream systems;

• Delay bunches from the source to allow feed-forward systems to compensate for pulse-to-pulse
variations in parameters such as the bunch charge.

The damping ring system includes the injection and extraction systems, which themselves include
sections of transport lines matching to the sources (upstream of the damping rings) and the RTML
system (downstream of the damping rings).

This chapter first discusses the parameters and configuration of the damping rings before
describing the lattice and various instabilities, most notably the electron-cloud e�ect, that can a�ect
the beam parameters. The vacuum and RF systems are described, followed by the magnet systems
and finally injection and extraction.

6.2 Top-level parameters and configuration

The nominal parameters of injected and extracted beams for both the electron and positron damping
rings in the baseline configuration are listed in Table 6.1.

Table 6.1
Nominal parameters of injected and
extracted beams for the baseline con-
figuration.

Parameter Electron Positron
Beam Beam

Train repetition rate [Hz] 5.0
Main Linac Bunch separation [ns] 554
Nom. # bunches per train 1312
Nom. bunch population 2 ◊ 1010

Required acceptance†:

Norm. betatron amplitude (ax + ay)max [m rad] 0.07
Long. emittance (�E/E ◊ �l)max [% ◊ mm] 0.75◊33

Extraction Parameters:

Norm. horizontal emittance “‘x [µm rad] 5.5
Norm. vertical emittance “‘x [nm rad] 20
RMS relative energy spread ‡p/p [%] 0.11
RMS Bunch length ‡z [mm] 6
Max. allowed transfer jitter [‡x,y] 0.1
† specified for the positron damping ring

101
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ILC beam parameters at damping ring

ILC TDR

2.3. Accelerator Layout and Design

Space is foreseen in the tunnel for a third ring (second positron ring) as a possible upgrade. The
damping ring complex is located in the central region, horizontally o�set from the interaction region
by approximately 100 m to avoid the detector hall. Two transfer tunnels connect the damping ring
tunnel to the electron and positron main accelerator tunnels respectively (see Fig. 2.9).

Figure 2.9
Damping ring location
in the central region

The damping-ring lattice follows the race-track design shown schematically in Fig. 2.10. The two
arc sections are constructed from 75 Theoretical Minimum Emittance (TME) cells. One of the two
712 m-long straight sections accommodates the RF cavities, damping wigglers, and a variable path
length to accommodate changes in phase (phase trombone), while the other contains the injection
and extraction systems, and a circumference-adjustment chicane.

Figure 2.10
Schematic of the damping-ring lay-
out.

Approximately 113 m of superferric wigglers (54 units ◊2.1 m) are used in each damping ring.
The wigglers operate at 4.5 K, with a peak field requirement of 2.16 T (positron ring 10 Hz mode).

The superconducting RF system is operated in continuous wave (CW) mode at 650 MHz, and
provides a maximum of 20 MV for each ring, again specified for the positron ring in 10 Hz mode
(nominal 5 Hz operation requires 14 MV for both electron and positron). The frequency is chosen to
be half the linac RF frequency to maximise the flexibility for di�erent bunch patterns. The single-cell
cavities operate at 4.5 K and are housed in twelve 3.5 m-long cryomodules. The RF section of the
lattice can accommodated up to 16 cavities, of which 12 are assumed to be installed for the baseline.

The momentum compaction of the lattice is relatively large, which helps to maintain single bunch
stability, but requires a relatively high RF voltage to achieve the design RMS bunch length (6 mm).
The dynamic aperture of the lattice is su�cient to allow the large-emittance injected beam to be
captured with minimal loss.

The electron-cloud e�ect in the positron damping ring, which can cause instability, tune spread,
and emittance growth, has been seen in a number of other rings and is relatively well understood.
Extensive R&D and simulations (Part I Section 3.5) indicate that it can be controlled by proper

Accelerator: Baseline Design ILC Technical Design Report: Volume 3, Part II 15



21

FCC-ee injector complex

FCC-ee CDR
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FCC-ee injector parameters

FCC-ee CDR
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FCC-ee injector complex
New layout: On-going re-design effort
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FCC-ee injector complex

Parameter Value/unit

Bunch charge ~4 nC (8nC for positron production?)

No of bunches 2

Bunch distance > 17.5 ns

Emittance at 200 MeV, normalized < 10 mm mrad

Bunch length at 200 MeV 1-2 mm

Repetition rate max. 200 Hz

Energy Spread < 1%

Bunch to bunch stability 3 %

Electron beam requirements at source
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FCC-ee electron source
Example of PHIN-type photoinjector

4.5 nC

A thermionic-gun option is also being studied



• Detailed operation mode, true 200 Hz repetition rate ? 
Filling and then top up, Electrons , Positrons

• Which bunch to bunch stability, charge, energy, phase, emittance ?
• Bunch distance ?
• Charge modulation for top up 0-100% ?
• Laser base line parameters
• Choice of cathode type
• What level of design do we need at which point in the study
• How much margin: beam loss budget along the injector chain
• Feedback from linac design on bunch distributions
• Are the parameters fixed now, in particular bunch charge

26

FCC-ee electron source
Still several questions are open



27

CEPC, China
• CEPC consists of Linac, Booster and Collider

• The energy of the Collider is 120 GeV.

• The injector linac provides 10 GeV electron and positron beam to the 
Booster.

n The booster and collider 
circumference is about 100 
km.

n The total length of the linac
is about 1.2 km.
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CEPC Injector
• Electron linac

• Gun and Bunching System (BS) : 50 MeV && 3nC for electron
• LINAC-1: Electron beam @ 4 GeV && 3 nC
• Electron Bypass Transport Line (EBTL): Electron beam @ 4 GeV && 3 nC
• LINAC-3: Electron beam to 10 GeV && 3 nC

• Positron linac
• Gun BS and LINAC-1: 4 GeV && 10 nC
• Positron Source and Pre-Accelerating Section: Positron beam Energy larger than 200 MeV 
• LINAC-2: Positron beam to 4 GeV. A 1.1 GeV damping Ring (DR) with circumference of 75.4 

m
• LINAC-3: Positron beam to 10 GeV && 3 nC

EBTL

4GeV

Gun
LINAC-1

DR
LINAC-3

50MeV 1.1GeV 4GeV 10GeV200MeV

LINAC-2

BS

(3nC/10nC)
(3nC/10nC) (3nC/3nC)(3nC)



CEPC Injector

Parameter Symbol Value Unit

e- /e+ beam energy Ee-/Ee+ 10 GeV

Repetition rate frep 100 Hz

Bunch numbers per pulse 1

e- /e+ bunch population 
Ne-/Ne+ >9.4×109

>1.5 nC

Energy spread (e- /e+ ) σE <2×10-3

Norm. emittance (e- /e+ ) εr <2500 mm.mrad
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CEPC Injector

Jingru Zhang, CEPC Injector Linac, Workshop on the Circular Electron-Positron Collider, Oxford, 2019.04.15

• Electron source
• Thermionic electron gun (mature technology)

• Pulser System
• High Voltage System
• Cathode grid assembly  

Parameters Values
Type Triode

Maximum Beam 
Current(A)

10

Anode High Voltage(kV) 120~200
Filament voltage(V) 6~8
Filament current(A) 5~7.5
Grid bias voltage(V) 0~200

Pulse width (ns) 1
Pulse rate (pps) 100

Beam trajectory of the injector electron gun

cathode-grid assembly
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CEPC Injector

Jingru Zhang, CEPC Injector Linac, Workshop on the Circular Electron-Positron Collider, Oxford, 2019.04.15

• Positron damping ring D, Wang

DR V2.0 Unit Value
Energy GeV 1.1
Circumference m 75.4
Storage time ms 20
Bending radius M 3.565
Dipole strength B0 T 1.03
U0 keV 36.3
Damping time x/y/z ms 15.2/15.2/7.6
d0 % 0.05
e0 mm.mrad 376.7
sz，inj mm 5.0
Nature sz mm 7.5 
einj mm.mrad 2500
eext x/y mm.mrad 530/180
dinj /dext % 0.2/0.05
Energy acceptance by RF % 1.0
fRF MHz 650
VRF MV 2.0
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• An overview of the future electron-positron colliders has been given:
• CLIC, ILC, FCC-ee, and CEPC

• The electron beam requirements have been presented, as well as the 
technological solutions currently envisaged

THANK YOU FOR YOUR ATTENTION.
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Summary


