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Table 6.8: Some of the parameters of the 1.54 to 20 GeV part of the linac.

Parameter

Value

Length

858 m

Injection-extraction energy 1.54 GeV-20 GeV

Injected emittance (h/v)
1.9/0.4 nm

Average extracted emit. (h/v) 4.0/0.3 nm

Transmission for 3.2 nC
92%

6.4 Positron Source and Capture System

For positron production, the same 6 GeV electron linac is used with a higher bunch intensity of 4.2 ⇥10
10

particles at an energy of 4.46 GeV. Taking into account the production efficiency and transfer losses, this

allows almost a 50 % margin with respect to the collider requirements. The positron beam emittances

are reduced in the the DR at an energy of 1.54 GeV and the beam is then transferred back to the linac for

further acceleration and injection into the PBR.

There are two commonly used production schemes: the conventional one employs a target made

from a material with high atomic number and high melting point. The positrons are created from the

impinging electrons through bremsstrahlung and pair conversion. This type of source has been employed

in several modern lepton colliders [171, 430]. The main limitation of this scheme is the high heat load

in the target and the peak energy deposition density (PEDD). This limitation can be overcome in the

second option which uses a hybrid target in a two-stage process. An intense photon beam is emitted by

GeV electrons channeled along a crystal axis. The charged particles are swept off after the crystal target

and thereby the deposited power and PEDD are significantly reduced [444–446]. A further improvement

involves the use of a granular target which provides better heat dissipation [439]. Several experiments

had been conducted to study the hybrid e+ source [445, 447]. After the target, an adiabatic matching

device (AMD) with a flux concentrator is used to match the positron beam (with very large transverse

divergence and energy spread) to the acceptance of the pre-injector linac. Figure 6.7 shows a proposed

flux concentrator. Table 6.9 lists its key parameters.

Figure 6.7: Model of the flux concentrator at the FCC-ee e+ target; parameters are listed in Table 6.9.

The performance of several existing positron sources is compared to a preliminary design of a

conventional source (the first option described above) in Table 6.10. The production schemes presented

employed electron beams with various energies, bunch charges and finally positron yields (number of

positrons per electron impinging onto the target). In comparison, the FCC-ee parameters are very similar
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Table 6.1: FCC-ee injector parameters.

Parameter [unit]

Z
W

H
tt

Beam energy [GeV]

45.6
80

120
182.5

Type of filling

Initial Top-up Initial Top-up Initial Top-up Initial Top-up

Linac bunches/pulse

2

1

Linac repetition rate [Hz]

200

100

Linac RF frequency [GHz]

2.8

Bunch population [10
9 ]

2.13 1.06 1.88 0.56 1.88 0.56 1.38 0.83

No. of LINAC injections

1040
1000

328
48

PBR minimum bunch spacing [ns]
10

10
70

477.5

No. of PBR cycles

8

1

No. of PBR bunches

16640
2000

328
48

PBR cycle time [s]

6.3
11.1

3.7
0.9

PBR duty factor

0.84
0.56

0.30
0.08

No. of BR/collider bunches
2080

2000
328

48

No. of BR cycles

10
1

10
1

10
1

20
1

Filling time (both species) [sec] 1034.8 103.5 266 26.6 137.6 13.8 223.2 11.2

Figure 6.3: A schematic drawing of the RF gun.

Table 6.2: Design parameters of the RF gun.

Parameter

Value

Initial geometrical emittance
0.6 µm

Injection kinetic energy
11 MeV

Total charge

6.5 nC

Cathode spot size

5 mm

Initial distribution
Radially uniform

Laser pulse duration

8 ps

Laser injection phase

variable

Magnetic field on the cathode
0 T

Peak accelerating field
100 MV/m

Focussing solenoid field
0.5 T

enough positrons from a hybrid target [439, 440]. The linac consists of S-Band structures accelerating

the beam up to 6 GeV, with the parameters presented in Table 6.3.
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The baseline layout in the CDR

Main Booster Ring (BR)
C ≈ 97.8 km

20 - 182.5 GeV
400 MHz RF @ Z, W, H

+ 800 MHz @ tt

Collider rings
C ≈ 97.8 km

Pre-Booster Ring (PBR)
C ≈ 6.9 km (SPS)

6 - 20 GeV
400 MHz RF

e+ Damping Ring (DR)

C ≈ 242 m

1.54 GeV, 400 MHz RF

e+e- S-band Linac (2.8 GHz RF)

L = 222 m

6 GeV

e- RF Gun

4.46 GeV

Flux
concentratorBunch

compressor

e+

INJECTOR COMPLEX

Table 6.8: Some of the parameters of the 1.54 to 20 GeV part of the linac.

Parameter

Value

Length

858 m

Injection-extraction energy 1.54 GeV-20 GeV

Injected emittance (h/v)
1.9/0.4 nm

Average extracted emit. (h/v) 4.0/0.3 nm

Transmission for 3.2 nC
92%

6.4 Positron Source and Capture System

For positron production, the same 6 GeV electron linac is used with a higher bunch intensity of 4.2 ⇥10
10

particles at an energy of 4.46 GeV. Taking into account the production efficiency and transfer losses, this

allows almost a 50 % margin with respect to the collider requirements. The positron beam emittances

are reduced in the the DR at an energy of 1.54 GeV and the beam is then transferred back to the linac for

further acceleration and injection into the PBR.

There are two commonly used production schemes: the conventional one employs a target made

from a material with high atomic number and high melting point. The positrons are created from the

impinging electrons through bremsstrahlung and pair conversion. This type of source has been employed

in several modern lepton colliders [171, 430]. The main limitation of this scheme is the high heat load

in the target and the peak energy deposition density (PEDD). This limitation can be overcome in the

second option which uses a hybrid target in a two-stage process. An intense photon beam is emitted by

GeV electrons channeled along a crystal axis. The charged particles are swept off after the crystal target

and thereby the deposited power and PEDD are significantly reduced [444–446]. A further improvement

involves the use of a granular target which provides better heat dissipation [439]. Several experiments

had been conducted to study the hybrid e+ source [445, 447]. After the target, an adiabatic matching

device (AMD) with a flux concentrator is used to match the positron beam (with very large transverse

divergence and energy spread) to the acceptance of the pre-injector linac. Figure 6.7 shows a proposed

flux concentrator. Table 6.9 lists its key parameters.

Figure 6.7: Model of the flux concentrator at the FCC-ee e+ target; parameters are listed in Table 6.9.

The performance of several existing positron sources is compared to a preliminary design of a

conventional source (the first option described above) in Table 6.10. The production schemes presented

employed electron beams with various energies, bunch charges and finally positron yields (number of

positrons per electron impinging onto the target). In comparison, the FCC-ee parameters are very similar
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Table 6.1: FCC-ee injector parameters.

Parameter [unit]

Z
W

H
tt

Beam energy [GeV]

45.6
80

120
182.5

Type of filling

Initial Top-up Initial Top-up Initial Top-up Initial Top-up

Linac bunches/pulse

2

1

Linac repetition rate [Hz]

200

100

Linac RF frequency [GHz]

2.8

Bunch population [10
9 ]

2.13 1.06 1.88 0.56 1.88 0.56 1.38 0.83

No. of LINAC injections

1040
1000

328
48

PBR minimum bunch spacing [ns]
10

10
70

477.5

No. of PBR cycles

8

1

No. of PBR bunches

16640
2000

328
48

PBR cycle time [s]

6.3
11.1

3.7
0.9

PBR duty factor

0.84
0.56

0.30
0.08

No. of BR/collider bunches
2080

2000
328

48

No. of BR cycles

10
1

10
1

10
1

20
1

Filling time (both species) [sec] 1034.8 103.5 266 26.6 137.6 13.8 223.2 11.2

Figure 6.3: A schematic drawing of the RF gun.

Table 6.2: Design parameters of the RF gun.

Parameter

Value

Initial geometrical emittance
0.6 µm

Injection kinetic energy
11 MeV

Total charge

6.5 nC

Cathode spot size

5 mm

Initial distribution
Radially uniform

Laser pulse duration

8 ps

Laser injection phase

variable

Magnetic field on the cathode
0 T

Peak accelerating field
100 MV/m

Focussing solenoid field
0.5 T

enough positrons from a hybrid target [439, 440]. The linac consists of S-Band structures accelerating

the beam up to 6 GeV, with the parameters presented in Table 6.3.
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Injection scheme for Z

Main Booster Ring (BR)
16640 bunches, 400 MHz RF

Collider rings
16640 bunches

1.7 x 1011 / bunch

Pre-Booster Ring (PBR)
∼1190 bunches,

400 MHz RF

e+ Damping Ring (DR)

8 pairs of bunches

1 pair of e+ or e- / pulse

200 Hz @ 6 GeV

RF Gun

4.46 GeV

Flux
concentrator

(FC)
Bunch

compressor

1 pair of e- / pulse

200 Hz @ 6 GeV

1 pair of e- 

+ 1 pair of e+ / pulse

200 Hz @ 6 GeV

✤ Bunch charge does not change from the linac 
through BR. It is accumulated only in the collider.

✤ PBR needs 14 cycles to fill BR, due to the ratio of 
the circumferences (M. Benedikt).

✤ The bunch pattern in the collider should be as uniform as possible to 
reduce e-cloud, gap transient, etc.

✤ BR injects full 16640 bunches per ramp to the collider with an off-axis 
injection.

✤ Bunches are paired in the linac, with 52.5 ns separation, 
assuming a usual SLED.

✤ In the common section of e+e- (1.54 to 6 GeV), 1 e- pair for 
positron production and 1 e+ pair are accelerated by an RF 
pulse of the Linac in the e+ mode.

INJECTOR COMPLEX

Table 6.8: Some of the parameters of the 1.54 to 20 GeV part of the linac.

Parameter

Value

Length

858 m

Injection-extraction energy 1.54 GeV-20 GeV

Injected emittance (h/v)
1.9/0.4 nm

Average extracted emit. (h/v) 4.0/0.3 nm

Transmission for 3.2 nC
92%

6.4 Positron Source and Capture System

For positron production, the same 6 GeV electron linac is used with a higher bunch intensity of 4.2 ⇥10
10

particles at an energy of 4.46 GeV. Taking into account the production efficiency and transfer losses, this

allows almost a 50 % margin with respect to the collider requirements. The positron beam emittances

are reduced in the the DR at an energy of 1.54 GeV and the beam is then transferred back to the linac for

further acceleration and injection into the PBR.

There are two commonly used production schemes: the conventional one employs a target made

from a material with high atomic number and high melting point. The positrons are created from the

impinging electrons through bremsstrahlung and pair conversion. This type of source has been employed

in several modern lepton colliders [171, 430]. The main limitation of this scheme is the high heat load

in the target and the peak energy deposition density (PEDD). This limitation can be overcome in the

second option which uses a hybrid target in a two-stage process. An intense photon beam is emitted by

GeV electrons channeled along a crystal axis. The charged particles are swept off after the crystal target

and thereby the deposited power and PEDD are significantly reduced [444–446]. A further improvement

involves the use of a granular target which provides better heat dissipation [439]. Several experiments

had been conducted to study the hybrid e+ source [445, 447]. After the target, an adiabatic matching

device (AMD) with a flux concentrator is used to match the positron beam (with very large transverse

divergence and energy spread) to the acceptance of the pre-injector linac. Figure 6.7 shows a proposed

flux concentrator. Table 6.9 lists its key parameters.

Figure 6.7: Model of the flux concentrator at the FCC-ee e+ target; parameters are listed in Table 6.9.

The performance of several existing positron sources is compared to a preliminary design of a

conventional source (the first option described above) in Table 6.10. The production schemes presented

employed electron beams with various energies, bunch charges and finally positron yields (number of

positrons per electron impinging onto the target). In comparison, the FCC-ee parameters are very similar
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Table 6.1: FCC-ee injector parameters.

Parameter [unit]

Z
W

H
tt

Beam energy [GeV]

45.6
80

120
182.5

Type of filling

Initial Top-up Initial Top-up Initial Top-up Initial Top-up

Linac bunches/pulse

2

1

Linac repetition rate [Hz]

200

100

Linac RF frequency [GHz]

2.8

Bunch population [10
9 ]

2.13 1.06 1.88 0.56 1.88 0.56 1.38 0.83

No. of LINAC injections

1040
1000

328
48

PBR minimum bunch spacing [ns]
10

10
70

477.5

No. of PBR cycles

8

1

No. of PBR bunches

16640
2000

328
48

PBR cycle time [s]

6.3
11.1

3.7
0.9

PBR duty factor

0.84
0.56

0.30
0.08

No. of BR/collider bunches
2080

2000
328

48

No. of BR cycles

10
1

10
1

10
1

20
1

Filling time (both species) [sec] 1034.8 103.5 266 26.6 137.6 13.8 223.2 11.2

Figure 6.3: A schematic drawing of the RF gun.

Table 6.2: Design parameters of the RF gun.

Parameter

Value

Initial geometrical emittance
0.6 µm

Injection kinetic energy
11 MeV

Total charge

6.5 nC

Cathode spot size

5 mm

Initial distribution
Radially uniform

Laser pulse duration

8 ps

Laser injection phase

variable

Magnetic field on the cathode
0 T

Peak accelerating field
100 MV/m

Focussing solenoid field
0.5 T

enough positrons from a hybrid target [439, 440]. The linac consists of S-Band structures accelerating

the beam up to 6 GeV, with the parameters presented in Table 6.3.
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Table 6.1: FCC-ee injector parameters.

Parameter [unit] Z W H tt

Beam energy [GeV] 45.6 80 120 182.5
Type of filling Initial Top-up Initial Top-up Initial Top-up Initial Top-up
Linac bunches/pulse 2 1
Linac repetition rate [Hz] 200 100
Linac RF frequency [GHz] 2.8
Bunch population [10

9] 2.13 1.06 1.88 0.56 1.88 0.56 1.38 0.83
No. of LINAC injections 1040 1000 328 48
PBR minimum bunch spacing [ns] 10 10 70 477.5
No. of PBR cycles 8 1
No. of PBR bunches 16640 2000 328 48
PBR cycle time [s] 6.3 11.1 3.7 0.9
PBR duty factor 0.84 0.56 0.30 0.08
No. of BR/collider bunches 2080 2000 328 48
No. of BR cycles 10 1 10 1 10 1 20 1
Filling time (both species) [sec] 1034.8 103.5 266 26.6 137.6 13.8 223.2 11.2

Figure 6.3: A schematic drawing of the RF gun.

Table 6.2: Design parameters of the RF gun.

Parameter Value
Initial geometrical emittance 0.6 µm
Injection kinetic energy 11 MeV
Total charge 6.5 nC
Cathode spot size 5 mm
Initial distribution Radially uniform
Laser pulse duration 8 ps
Laser injection phase variable
Magnetic field on the cathode 0 T
Peak accelerating field 100 MV/m
Focussing solenoid field 0.5 T

enough positrons from a hybrid target [439, 440]. The linac consists of S-Band structures accelerating
the beam up to 6 GeV, with the parameters presented in Table 6.3.
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Injection scheme for Z (e+ mode)

RF Gun

52.5 ns

(1.54 GeV)

52.5 ns 52.5 ns

(4.46 GeV)
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Table 6.8: Some of the parameters of the 1.54 to 20 GeV part of the linac.

Parameter Value
Length 858 m
Injection-extraction energy 1.54 GeV-20 GeV
Injected emittance (h/v) 1.9/0.4 nm
Average extracted emit. (h/v) 4.0/0.3 nm
Transmission for 3.2 nC 92%

6.4 Positron Source and Capture System
For positron production, the same 6 GeV electron linac is used with a higher bunch intensity of 4.2 ⇥10

10

particles at an energy of 4.46 GeV. Taking into account the production efficiency and transfer losses, this
allows almost a 50 % margin with respect to the collider requirements. The positron beam emittances
are reduced in the the DR at an energy of 1.54 GeV and the beam is then transferred back to the linac for
further acceleration and injection into the PBR.

There are two commonly used production schemes: the conventional one employs a target made
from a material with high atomic number and high melting point. The positrons are created from the
impinging electrons through bremsstrahlung and pair conversion. This type of source has been employed
in several modern lepton colliders [171, 430]. The main limitation of this scheme is the high heat load
in the target and the peak energy deposition density (PEDD). This limitation can be overcome in the
second option which uses a hybrid target in a two-stage process. An intense photon beam is emitted by
GeV electrons channeled along a crystal axis. The charged particles are swept off after the crystal target
and thereby the deposited power and PEDD are significantly reduced [444–446]. A further improvement
involves the use of a granular target which provides better heat dissipation [439]. Several experiments
had been conducted to study the hybrid e+ source [445, 447]. After the target, an adiabatic matching
device (AMD) with a flux concentrator is used to match the positron beam (with very large transverse
divergence and energy spread) to the acceptance of the pre-injector linac. Figure 6.7 shows a proposed
flux concentrator. Table 6.9 lists its key parameters.

Figure 6.7: Model of the flux concentrator at the FCC-ee e+ target; parameters are listed in Table 6.9.

The performance of several existing positron sources is compared to a preliminary design of a
conventional source (the first option described above) in Table 6.10. The production schemes presented
employed electron beams with various energies, bunch charges and finally positron yields (number of
positrons per electron impinging onto the target). In comparison, the FCC-ee parameters are very similar
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52.5 ns 52.5 ns

6 GeV to PBR
1.54 GeV to DR

*Energy compensation or a flat SLED 
is necessary for the low-energy e+.

DR:
8 pairs (16 bunches) / ring, 

52.5 ns separation

PBR:

17.5 ns = 7 buckets

52.5 ns

1 trainlet = 3 linac pairs interleaved
= 105 ns = 42 buckets 

FC

≦ 4.2 x 1010 / bunch

≦ 3.0 x 1010 / bunch
≦ 3.0 x 1010 / bunch

200 trainlets (1200 bunches)
+ 806 buckets for kicker

= 9206 buckets / ring 

BR: Same bunch pattern as the collider.

14 PBR trains = 16800 bunches
+ 1606 buckets for spare
= 130490 buckets / ring.

SLED

An equal spacing of bunches is favored by the 
bunch-by-bunch feedback (D. Teytelman). 

Thus 52.5 (or 45) ns separation in the linac, and 
17.5 (or 15) ns in the PBR/BR can be chosen.  



Bunch separation in the S-band linac

• �t & 50 ns is safe to avoid beam breakup due to long-range
transverse wake of the S-band accelerating structure.

<latexit sha1_base64="aNPBLnR960cEJNigN1oOeCeI8jU="></latexit>

F.J. Decker et al.., “Long-Range Wakefields and Split-
Tune Lattice at the SLC”, SLAC–PUB–7259, 1996. 



Injection time for each specie
Z WW ZH tt

Collider energy [GeV] 45.6 80 120 182.5
Collider & BR bunches / ring 16640 2000 328 48
Collider particles / bunch [1010] 17 15 18 23
Injector particles / bunch [1010] ≦ 3.0 *
Bootstrap particles / bunch [1010] 1.7 0.9 1.1 1.3
# of BR ramps (to 1/2 stored current) 3 3 3 4
# of BR ramps (bootstrap) 5 7 8 8
BR ramp time (up + down) [s] 0.6 1.5 2.5 4.1
# of PBR cycles 14 7
PBR ramp time (up + flat top + down) [s] 0.5
PBR bunches / ring 1190 143 24 7
Linac pulses 595 71 12 4
Linac repetition frequency [Hz] 200
PBR injection time [s] 3.0 0.36 0.06 0.02
Collider filling time from scratch [s] 396.8 135.4 113.7 92.9
Collider filling time for top-up [s] 49.6 13.5 10.3 7.7
Collider interval between top-ups (2 IP) [s] < 400 < 212 < 44 < 44

* Although electron bunch intensity can be increased up to 4.2x1010, it does not much reduce 
the injection time, as the bunch intensity is limited by the bootstrap injection anyway.



Bootstrap injection (D. Shatilov)
14

Figure 2.2. An illustration of bootstrapping, showing the relative bunch length and

emittance fluctuations, respectively, while additional bunches are injected, where blue

and red colors refer to e
� and e

+ respectively.

where N is the final amount of particles left after a time t, when initially N0 particles

were present with beam lifetime ⌧ . The beam lifetime ⌧ is 70 minutes for Z-operation

mode, but ⌧ gets increased when only some fractions of the full charges are available

in the collider. In Figure 2.3, the interleaved first fill of the collider is presented. Here,

the calculated charge losses in two booster cycles are already added to the preceding

bunch while respecting the charge asymmetry limit between the species. The collider

bucket is filled in 10 Booster cycles. Since we started with e
�, we include additional

e
+ that would be lost within one Booster cycle. For this reason, e+ surpasses the full

charge line (shown in green) in Fig. 2.3.

As a safety margin, we may send twice intensity of e� at 4.46 GeV to impinge

on the target to yield the required amount of e+ at the end of linac. Furthermore,

the charge available in the SPS should stay within the capabilities of the SPS RF

system. Therefore, the charge flux accelerated in the pre-injectors should respect all

limitations of the downstream accelerators. To illustrate, if a bunch population of

4⇥1010 is intended in the pre-injectors, 8⇥1010 e
� can be required to get 4⇥1010 e

+.

On the other hand, even if the linac can accelerate such a high charge, the current

stored in the SPS would become more than 600 mA. All in all, 10 injections with pre-

✤ The collider is filled with the maximum bunch intensity of the injector up to 
about a half of the design current. Then the injection bunch intensity is 
reduced to 10% (Z) or 6% (W,H,tt) of the design intensity of the collider.

✤ Then a higher bunch intensity in the injector than the baseline does not 
shorten the injection time so much.



RF Gun
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Table 6.1: FCC-ee injector parameters.

Parameter [unit] Z W H tt

Beam energy [GeV] 45.6 80 120 182.5
Type of filling Initial Top-up Initial Top-up Initial Top-up Initial Top-up
Linac bunches/pulse 2 1
Linac repetition rate [Hz] 200 100
Linac RF frequency [GHz] 2.8
Bunch population [10

9] 2.13 1.06 1.88 0.56 1.88 0.56 1.38 0.83
No. of LINAC injections 1040 1000 328 48
PBR minimum bunch spacing [ns] 10 10 70 477.5
No. of PBR cycles 8 1
No. of PBR bunches 16640 2000 328 48
PBR cycle time [s] 6.3 11.1 3.7 0.9
PBR duty factor 0.84 0.56 0.30 0.08
No. of BR/collider bunches 2080 2000 328 48
No. of BR cycles 10 1 10 1 10 1 20 1
Filling time (both species) [sec] 1034.8 103.5 266 26.6 137.6 13.8 223.2 11.2

Figure 6.3: A schematic drawing of the RF gun.

Table 6.2: Design parameters of the RF gun.

Parameter Value
Initial geometrical emittance 0.6 µm
Injection kinetic energy 11 MeV
Total charge 6.5 nC
Cathode spot size 5 mm
Initial distribution Radially uniform
Laser pulse duration 8 ps
Laser injection phase variable
Magnetic field on the cathode 0 T
Peak accelerating field 100 MV/m
Focussing solenoid field 0.5 T

enough positrons from a hybrid target [439, 440]. The linac consists of S-Band structures accelerating
the beam up to 6 GeV, with the parameters presented in Table 6.3.
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✤ The RF gun in the CDR can produce 4.2x1010 e-/ 
bunch, which generates 3.0x1010 e+/bunch via the 
flux concentrator.

✤ Higher e- bunch charge > 4.2x1010 for e+ production 
may be possible by a thermal gun, but it will not 
shorten the injection time due to bootstrap injection.

I. Chaikovska et al., Experimental Activities on High Intensity Positron Sources Using 
Channelling, Proceedings of the IPAC’17, Copenhagen, Denmark (2017) 2910–2913.



Flux Concentrator 
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Table 6.8: Some of the parameters of the 1.54 to 20 GeV part of the linac.

Parameter Value
Length 858 m
Injection-extraction energy 1.54 GeV-20 GeV
Injected emittance (h/v) 1.9/0.4 nm
Average extracted emit. (h/v) 4.0/0.3 nm
Transmission for 3.2 nC 92%

6.4 Positron Source and Capture System
For positron production, the same 6 GeV electron linac is used with a higher bunch intensity of 4.2 ⇥10

10

particles at an energy of 4.46 GeV. Taking into account the production efficiency and transfer losses, this
allows almost a 50 % margin with respect to the collider requirements. The positron beam emittances
are reduced in the the DR at an energy of 1.54 GeV and the beam is then transferred back to the linac for
further acceleration and injection into the PBR.

There are two commonly used production schemes: the conventional one employs a target made
from a material with high atomic number and high melting point. The positrons are created from the
impinging electrons through bremsstrahlung and pair conversion. This type of source has been employed
in several modern lepton colliders [171, 430]. The main limitation of this scheme is the high heat load
in the target and the peak energy deposition density (PEDD). This limitation can be overcome in the
second option which uses a hybrid target in a two-stage process. An intense photon beam is emitted by
GeV electrons channeled along a crystal axis. The charged particles are swept off after the crystal target
and thereby the deposited power and PEDD are significantly reduced [444–446]. A further improvement
involves the use of a granular target which provides better heat dissipation [439]. Several experiments
had been conducted to study the hybrid e+ source [445, 447]. After the target, an adiabatic matching
device (AMD) with a flux concentrator is used to match the positron beam (with very large transverse
divergence and energy spread) to the acceptance of the pre-injector linac. Figure 6.7 shows a proposed
flux concentrator. Table 6.9 lists its key parameters.

Figure 6.7: Model of the flux concentrator at the FCC-ee e+ target; parameters are listed in Table 6.9.

The performance of several existing positron sources is compared to a preliminary design of a
conventional source (the first option described above) in Table 6.10. The production schemes presented
employed electron beams with various energies, bunch charges and finally positron yields (number of
positrons per electron impinging onto the target). In comparison, the FCC-ee parameters are very similar
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Table 6.9: FCC-ee flux concentrator parameters.

Parameter [unit] Value
Target diameter [mm] 90
Target thickness [mm] 15.8
Gap between target and FC [mm] 2
Grooving gap between target side face and FC body [mm] 2
Elliptical cylinder size [mm] 120⇥180
Total length [mm] 140
Conical part length [mm] 70
Min cone diameter [mm] 8
Maximm cone diameter [mm] 44
Cone angle [deg.] 25
Cylindrical hole diameter [mm] 70
Coil turns [-] 13
Current profile pulse length [µs] 25
Peak field [T] 7
Peak transverse field [mT] 135–157
Gap between coil turns [mm] 0.4
Gap between coil and FC body [mm] 1
Turns size 9.6⇥14 mm

to those of the existing sources and designs, therefore the FCC requirements can be achieved even with
a conventional positron source [440].

Table 6.10: Performance of other positron sources compared to a conventional source for FCC-ee.

Accelerator SLC LEP (LIL) SuperKEB FCC-ee (conv.)
Incident e� energy [GeV] 33 0.2 3.3 4.46
e�/bunch [10

10] 3-5 0.5 - 30 6.25 4.2
Bunch/pulse 1 1 2 2
Rep. rate [Hz] 120 100 50 200
Incident beam power [kW] 20 1 3.3 15
Beam size @ target [mm] 0.6 - 0.8 < 2 > 0.7 0.5
Target thickness [X0] 6 2 4 4.5
Target size [mm] 70 5 14 >30
Deposited power [kW] 4.4 0.1 0.6 2.7
Capture system AMD �/4 transformer AMD AMD
Magnetic field [T] 6.8!0.5 1!0.3 4.5!0.4 7.5!0.5
e+ yield 1.6 0.003 0.5 0.7

6.5 Damping Ring
The damping ring design has been presented in [448] and some of its features are described in the
following paragraphs. The repetition rate of 200 Hz allows hosting of 5 trains, each with 2 bunches
per RF pulse. After taking into account the longitudinal wakefields in the linac, the bunch to bunch
spacing was chosen as 60 ns [449]. Two bunches per RF pulse in the linac will become a train in the DR.
Altogether 5 trains with a 100 ns spacing (for the kicker rise/fall time) and a bunch-to-bunch spacing of
60 ns in the linac have resulted in the requirement that the damping ring should have a circumference of
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S. Ogur, “LINAC AND DAMPING RING DESIGNS OF THE FUTURE CIRCULAR e+e− COLLIDER OF CERN”

✤ The damping ring captures and damps the huge positron beam from the flux 
concentrator.

✤ The dynamic aperture and the momentum acceptance look OK.
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Figure 7.7. Damping ring optics.

Table 7.1. 1.54 GeV damping ring generic parameters.

parameter value

circumference 241.8 m

no. trains, bunches/train 8, 2

train, and bunch spacings 51 ns, 50 ns

train store time 40 ms

energy loss per turn 0.225 MeV

RF voltage, frequency 4 MV, 400 MHz

no. of cells in an arc, cell length 57, 1.54 m

FODO cell phase advance (x, y) 69.5/66.1 deg

betatron tune (x, y) 24.19/23.58 rad

momentum compaction ↵c 1.5 ⇥10�3

grasp ribbon like beam. Moreover, the rms bunch length was 2.1 mm for 3.5 nC bunch

charge, and we had better include the intra-beam scattering (IBS) to simulate real like
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Figure 7.7. Damping ring optics.

Table 7.1. 1.54 GeV damping ring generic parameters.

parameter value

circumference 241.8 m

no. trains, bunches/train 8, 2

train, and bunch spacings 51 ns, 50 ns

train store time 40 ms

energy loss per turn 0.225 MeV

RF voltage, frequency 4 MV, 400 MHz

no. of cells in an arc, cell length 57, 1.54 m

FODO cell phase advance (x, y) 69.5/66.1 deg

betatron tune (x, y) 24.19/23.58 rad

momentum compaction ↵c 1.5 ⇥10�3

grasp ribbon like beam. Moreover, the rms bunch length was 2.1 mm for 3.5 nC bunch

charge, and we had better include the intra-beam scattering (IBS) to simulate real like
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Figure 7.8. DR beam profile after tracking the positrons for 1000 turns with

synchrotron radiation cooling.

Table 7.3. DR performance in tracking positron beam for 40 ms.

parameter value

injected emittance (x, y, z) 1.29, 1.22, 75.5 µm

natural emittance of the ring (x, y, z) 1.39 nm, 0.28 nm, 1.75 µm

extracted emittance (x, y, z) 1.62 nm, 0.99 nm, 1.47 µm

injected bunch length (�z) 3.4 mm

extracted bunch length (�z) 2.1 mm

voltage has led to very large momentum spread acceptance, however the equilibrium

bunch length become about 2.1 mm. Recalling the impact of the coherent synchrotron

radiation (see Section 4.3), we may need to reduce the cavity voltage which will relaxes

the bunch to longitudinally spread. However, the bucket height of the seperatrix will

get diminished proportionally. Therefore, we may need to decrease the cavity voltage

to 2 MV so that the rms bunch length of the beam elongates to approximately 5 mm.

Furthermore, CSR may also be suppressed by the beam pipe if it is narrow enough to

avoid superposition of emitted radiation. This time, the small beam pipe will tend to

free more secondary particles stemmed from the radiated particles from the primary
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Table 6.12: Damping ring performance without errors.

Parameter Value
Transv., long. acceptance 22.4 µm, 14.7 mm
Energy spread 7.09⇥10

�4

Bucket height 8.0 %
Energy acceptance ±7.8 %
Injected emittance (h/v/l) 1.29/1.22/75.5 µm
Extracted emittance (h/v/l) 1.81/0.37 nm/1.52 µm

layout is shown in Fig. 6.9. Each dipole has a bending angle of 11.25°, and a quadrupole and sextupole
are placed in mirror symmetry between the dipoles. A section for adjusting the phase advance is installed
between the two TBAs. The quadrupole magnets are used to control the dispersion function, ensuring it
goes to zero at the end of each achromat. The longitudinal dispersion properties of the bunch compressor
are: R56 = 0.40 m, T566 = 11.09 mm, and U5666 = 15.89mm.

TBA

Middle section for 
adjusting phase 
advanceTBA

Position along accelerator, s (m)

(a)

Dipole (2 m ): 11.25°

Sextupoles: 
K3 = 4.05 m-3

Position along accelerator, s (m)

QF QF

QD QD

(b)

Figure 6.9: (a) Magnet layout of the dogleg bunch compressor. The TBAs are identical except that they
bend in opposite directions. (b) Detailed layout of one TBA.

An energy chirp is put in the beam by an S-band RF cavity upstream of the bunch compressor. The
RF cavities have the following properties: fRF = 2.86 GHz, �RF = 180

�, and an accelerating gradient
of 22.3 MV/m, to establish an energy chirp of h1 =

1
E0

dE

ds
= �2.75 m�1.

(a) (b)

Figure 6.10: (a) Beta functions through the dogleg bunch compressor, where bx is indicated by the green
line, and by by the blue line. (b) Horizontal dispersion function, hx, shown by the red line, and the
horizontal angular dispersion function, hxp shown by the orange line.

The design presented here does not require a harmonic cavity. Instead a form of optical linearisa-
tion is used to minimise the non-linear terms encountered in bunch compression [451, 452]. Sextupole
magnets are placed at a position where the dispersion is near maximum and are optimised to correct
the transverse chromaticity, rather than being optimised to cancel the second-order terms of the trans-
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Figure 6.10: (a) Beta functions through the dogleg bunch compressor, where bx is indicated by the green
line, and by by the blue line. (b) Horizontal dispersion function, hx, shown by the red line, and the
horizontal angular dispersion function, hxp shown by the orange line.

The design presented here does not require a harmonic cavity. Instead a form of optical linearisa-
tion is used to minimise the non-linear terms encountered in bunch compression [451, 452]. Sextupole
magnets are placed at a position where the dispersion is near maximum and are optimised to correct
the transverse chromaticity, rather than being optimised to cancel the second-order terms of the trans-
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port equations. Fortunately, despite being optimised for chromaticity, the resulting T566 is close to the
optimum for reducing the effect of the non-linear compression terms, negating the need for a harmonic
cavity [453].

In spite of the relatively long bunch length (�z,f = 0.5 mm), coherent synchrotron radiation
(CSR) has the potential to degrade the beam quality. This is because the reasonably large value of R56

that is required necessitates a large degree of bending in a dogleg bunch compressor. Fortunately, CSR
cancellation techniques [454–458] can be used to mitigate the emittance growth to an acceptable level.

Careful control of bx, and ax in each dipole, as well as the phase advance between each dipole,
cancels out the CSR kicks (�xk and �x0

k) almost completely. To compensate for the CSR kicks, an
additional quadrupole magnet is needed in the section between the TBAs. A comparison of the emittance
growth obtained with and without this CSR kick mitigation is shown in Fig. 6.11. Initially (i.e. before the
CSR kick cancellation method applied), the horizontal emittance growth was 68.3%. After the inclusion
of the additional quadrupole and after the phase advance and Twiss parameters of the second TBA are
manipulated, the emittance growth is reduced to 9.5% (this includes CSR in the drifts).

Figure 6.11: Emittance along the bunch compressor, before CSR cancellation techniques are applied
(red) and after (blue).

6.7 Pre-booster
Two options are being considered for the pre-booster synchrotron: using the existing SPS (baseline) or a
new ring.

Using the SPS as pre-booster for the FCC-ee imposes various constraints, as only certain modi-
fications can be made to the existing machine. There were similar constraints when the SPS was used
as an injector for the LEP collider [255]. The SPS is filled with FODO cells and the emittance can
be minimised by tuning them to a horizontal phase advance of around 135

�. This phase advance pro-
vides an equilibrium transverse emittance of below 30 nm at 20 GeV. In addition, it ensures dispersion
suppression, as the total arc phase advance is a multiple of 2p [459].

The damping time is quite long, around 1.7 s for the SPS at 6 GeV. This would lengthen the SPS
injection plateau and consequently the whole injector cycle. Wiggler magnets with a field of 5 T and a
total length of 4.5 m can shorten the damping times by roughly an order of magnitude. Some parameters
of the SPS with and without wiggler magnets are shown in Table 6.13. In particular, the horizontal
equilibrium emittance is reduced to 0.13 and 10 nm.rad at injection and extraction, respectively, whereas
the corresponding energy loss per turn is greatly increased to 2.7 and 47 MeV.

An alternative study of a green-field pre-booster ring has also been made. The booster require-
ments for dynamic aperture constrain the extracted emittance of the PBR to around 3 nm. The linear

PREPRINT submitted to Eur. Phys. J. ST
189

✤ A bunch compressor has been 
designed to match the DR bunch 
the the linac.

✤ A CSR compensation has been 
implemented (T.K. Charles).



S-band Linac 80

Figure 5.10. Optics of 1.54-6 GeV part of the linac.

Figure 5.11. Beam Profile of 1.54-6 GeV part linac tracking with the positrons cooled

in the DR.
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Figure 5.10. Optics of 1.54-6 GeV part of the linac.

Figure 5.11. Beam Profile of 1.54-6 GeV part linac tracking with the positrons cooled

in the DR.

S. Ogur, “LINAC AND DAMPING RING DESIGNS OF THE FUTURE CIRCULAR e+e− COLLIDER OF CERN”

✤ Beam has been simulated through the S-band Linac with misalignments and 
corrections, including long./trans. wakes of the accelerating structures.

✤ The emittance has been well preserved and the transmission reaches 100%.
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Table 6.13: SPS Parameters with/without wiggler magnets.

6 GeV (injection) 20 GeV (extraction)
Without wiggler With wiggler Without wiggler With wiggler

✏x (nm) 2.43 0.13 27 10
⌧ (s) 1.7 0.1 0.04 0.02
U0 (MeV) 0.15 2.7 19 47

Figure 6.12: Beta functions and dispersion of the main cell (left) and straight section(right).

lattice of the PBR is based on analytic calculations and simulations. A FODO type cell has been chosen
and the ring has a racetrack shape consisting of 2 arcs and 2 straight sections. The total circumference is
2280 m. Each arc has 60 FODO cells with sextupole magnets in each main cell, whereas each straight
section has two matching cells. The horizontal (black) and vertical beta (red) functions and horizontal
dispersion (green) of a cell and one straight section are presented in Fig. 6.12. The phase advance per
cell was chosen following a study to reduce chromaticities and anharmonicities and thereby maximise
dynamic aperture.

A cell comprises two 6.3 m long dipoles located between 30 cm long quadrupoles. The dipoles
have a field of 70 Gauss at injection. The chromaticity is controlled by two families of 20 cm long
sextupoles. The damping time reduction to 0.1 s can also be achieved by using 2 T wiggler magnets.

6.8 Booster
The high target luminosities of 10

34
� 10

36 cm�2s�1 lead to short beam lifetimes in the collider, due to
beamstrahlung and radiative Bhabha scattering. To sustain this short beam lifetime, a full-energy booster,
installed in the collider tunnel, enables continuous top-up injection.

The injection energy for the booster is determined by the field quality and reproducibility of the
magnetic field in the dipole magnets of the arc sections. The current design features an energy of 20 GeV,
corresponding to a magnetic field of B = 6 mT.

The layout of the booster follows the footprint of the FCC-hh collider, whereas the lepton collider
rings will have a transverse offset of about 1 m to the outside. The interaction points will even have
an offset of about 10 m as a result of the optimisation for the crossing angle and synchrotron radiation
mitigation around the experiments. Therefore the booster can simply bypass the detectors on the inside
of the cavern. As for the collider, the RF sections are located in points PD and PJ.

In order not to spoil the luminosity and to reduce background from lost particles, the equilibrium
emittance of the beam extracted from the booster must be similar to that in the collider rings. The length
of the basic FODO cell was chosen to be 53 m in the short arc and about 54 m in the long arcs. The
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Table 6.14: Horizontal equilibrium emittances of the booster compared to the collider for all four beam
energies. The 60° optics is used for 45.6 and 80 GeV; the 90° optics for 120 and 182.5 GeV.

Beam energy Booster emittance Collider emittance
(GeV) (nm.rad) (nm.rad)
45.6 0.24 0.24
80.0 0.73 0.84
120.0 0.55 0.63
182.5 1.30 1.48

different lengths are necessary to fit the FCC-hh layout. In the collider, the lattice is optimised for two
optics: an optics with 60° phase advance per cell is used for operation at the Z pole and the W pair
production threshold (45.6 and 80 GeV) and a 90° phase advance per cell will be used for ZH production
and the tt̄ production threshold (120 and 182.5 GeV). The resulting horizontal equilibrium emittances
for these lattices are summarised in Table 6.14.

The radius of curvature in the arc sections is R = 13.15 km. At the beginning and end of each
arc, a distance of 566 m is reserved for the hadron collider dispersion suppressors. Therefore, this
region has a different radius of curvature of R = 15.06 km. 10 FODO cells of 56.6 m long and with
less bending strength are installed in the booster to follow the tunnel geometry. A quadrupole based
dispersion suppressor in the last five cells is used to match the optics to the straight section FODO cells.
In the straight sections around points PA, PB PF, PG, PH and PL the cell length is 50 m and in the
extended straight sections around points PD and PJ the cell length has been increased to 100 m in order
to maximise the space available for RF installation. The transition of the optics from the arcs to these
long FODO cells is shown in Fig. 6.13. Unlike for the lepton collider, no ‘tapering’ (scaling of the
magnet strengths to the local beam energy) is foreseen.
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Figure 6.13: Beta functions and horizontal dispersion function of the transition from the arc lattice into
a straight section with an RF installation. The first five cells are regular arc FODO cells with a length of
54 m. The following section of 566 m consists of ten FODO cells with a different bending angle to fit
the geometry of the dispersion suppressor of the hadron collider. They also serve as quadrupole based
dispersion suppressor and matching section to the optics of the 100 m long straight FODO cells.

Table 6.15 compiles parameters characterizing the cycling and energy ramp of the booster for the
various modes of collider operation. The maximum rate of dipole field change, which is the same for all
working points, stays below 0.03 T/s.
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Table 6.15: Booster cycle parameters.

Parameter Unit Z W H tt 1 tt 2

Dipole field at injection G 63.5
Dipole field at extraction G 144.8 254.1 381.1 555.6 579.7
Flat bottom duration s 51.1 11.8 5.0 1.6 1.6
Cycle duration s 51.7 13.3 7.5 5.5 5.7
Ramp rate up G/s 254

The beam parameters at injection energy need particular examination. The damping time becomes
longer than 10 s due to the weak radiation damping. This is not compatible with the booster cycle
and the top-up requirements. Also the horizontal equilibrium emittance shrinks to 12 pm leading to
emittance blow-up due to intra-beam-scattering. Therefore, 16 ⇠9 m long wigglers are installed in the
straight sections around the points PA and PG. These normal-conducting wigglers are designed such
that a damping time of 0.1 s is reached and the emittance is increased to 240 pm for the 60° optics and
180 pm for the 90° optics. However, the additional energy loss in the wigglers needs to be compensated
by the RF system and the voltage therefore needs to be at least 140 MV. The wigglers will be switched off
adiabatically to reduce the energy loss during the energy ramp. As a consequence, no extra RF voltage
is required for the higher beam energies and the RF voltage is the same as that in the collider.

Tracking studies based on the survival of the particles after 1000 turns have shown that a non-
interleaved sextupole scheme (as in the collider) provides the largest dynamic aperture. The tracking
studies were performed with the MADX-PTC [460] code which includes radiation damping and quantum
excitation. Also Gaussian distributed quadrupole misalignments with � = 150 µm were introduced.

6.8.1 Booster Magnet Powering
The powering for the dipole, quadrupole and sextupole magnets of the booster ring is, on the one hand,
more demanding than for the collider magnets, due to the cycling, and, on the other hand, less demanding,
in view of the reduced average power. The booster magnets will feature about half the inductance of the
collider magnets, and otherwise similar parameters. Possibly they could be fed with a similar circuit
layout as for the collider (see Section 3.2.5), provided that the ramping voltage for the cycle is not too
high.

6.9 Transfer Lines
The beam transfer between the different systems utilises a few hundred metres of conventional transfer
lines. The specific optics design and matching between the different lattices has to be studied in the
future, but no particular show-stopper has been identified. In addition, and depending on the use of the
the SPS as a PBR, the possible usage of existing transfer line tunnels and equipment as used for LEP
injection will be further explored and detailed.
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Table 6.14: Horizontal equilibrium emittances of the booster compared to the collider for all four beam
energies. The 60° optics is used for 45.6 and 80 GeV; the 90° optics for 120 and 182.5 GeV.

Beam energy Booster emittance Collider emittance
(GeV) (nm.rad) (nm.rad)
45.6 0.24 0.24
80.0 0.73 0.84
120.0 0.55 0.63
182.5 1.30 1.48

different lengths are necessary to fit the FCC-hh layout. In the collider, the lattice is optimised for two
optics: an optics with 60° phase advance per cell is used for operation at the Z pole and the W pair
production threshold (45.6 and 80 GeV) and a 90° phase advance per cell will be used for ZH production
and the tt̄ production threshold (120 and 182.5 GeV). The resulting horizontal equilibrium emittances
for these lattices are summarised in Table 6.14.

The radius of curvature in the arc sections is R = 13.15 km. At the beginning and end of each
arc, a distance of 566 m is reserved for the hadron collider dispersion suppressors. Therefore, this
region has a different radius of curvature of R = 15.06 km. 10 FODO cells of 56.6 m long and with
less bending strength are installed in the booster to follow the tunnel geometry. A quadrupole based
dispersion suppressor in the last five cells is used to match the optics to the straight section FODO cells.
In the straight sections around points PA, PB PF, PG, PH and PL the cell length is 50 m and in the
extended straight sections around points PD and PJ the cell length has been increased to 100 m in order
to maximise the space available for RF installation. The transition of the optics from the arcs to these
long FODO cells is shown in Fig. 6.13. Unlike for the lepton collider, no ‘tapering’ (scaling of the
magnet strengths to the local beam energy) is foreseen.
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Figure 6.13: Beta functions and horizontal dispersion function of the transition from the arc lattice into
a straight section with an RF installation. The first five cells are regular arc FODO cells with a length of
54 m. The following section of 566 m consists of ten FODO cells with a different bending angle to fit
the geometry of the dispersion suppressor of the hadron collider. They also serve as quadrupole based
dispersion suppressor and matching section to the optics of the 100 m long straight FODO cells.

Table 6.15 compiles parameters characterizing the cycling and energy ramp of the booster for the
various modes of collider operation. The maximum rate of dipole field change, which is the same for all
working points, stays below 0.03 T/s.
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✤ PBR & BR designs are shown in the CDR (PBR: see O. 
Etisken’s poster, BR: B. Härer). The lattices are basically done 
showing enough dynamic aperture for the off-axis injection.

✤ Further studies are needed for the low magnetic field (BR) 
and collective effects (see M. Migliorati’s and F. 
Zimmermann’s presentations for BR and PBR, respectively). 

Arc SR loss @ 20 GeV: ∼700 W/m (= 19 MeV*0.25 A/6900 m).



Possible options / alternatives

✤ C-band and/or X-band linac to > 20 GeV, eliminating the PBR.

✤ Separate linac for e+ to avoid two species in the same linac.

✤ Choice of RF structure (damped cavity, etc.), gradient, pulse compression scheme.

✤ An energy compressor before the DR.

✤ Use the DR also for e-, to mitigate the possible beam breakup in the low-energy 
section of the DR.

✤ Variants for the e+ production: hybrid target (see I. Chaikovska’s presentation), 
coherent bremsstrahlung production of polarized e+ (see the poster by A. Apyan), etc.

✤ Polarized beam.



C-band linac from 6 to 20 GeV
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5.7. Linac 1.54-20 GeV

The 20 GeV linac presented in Fig. 5.12 actually contains the S-band linac

presented in Fig. 5.10 up to the quadrupole named QC0. The extended part can be

easily distinguished since the blue boxes representing the accelerating structures up to

248.5 meter of the accelerator are larger than the downstream ones, since the earlier

part makes use of 3 meter-long S-band whereas the posteriors are 1.8 m-long C-band

structures. Therefore, 1.54-6 GeV middle energy linac has the unit cell presented in

Fig. 5.9, meanwhile 6-20 GeV high energy part has the linac cell demonstrated in

Fig. 5.13.

Figure 5.12. Optics of 1.54-20 GeV linac. Notice that the C-band structures start at

QC0 where S-band structures ended which corresponds to 6 GeV.

20 GeV linac is the alternative option of designing a new synchrotron which seems

to be 2.9 km in circumference or to use already existing SPS yet deploying wigglers

and operating its optics with di↵erent phase advance [9]. When the linac is compared

to the a pre-booster as a pre-injector, the linac steps forward. To illustrate, for the
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Table 5.7. Some parameters of the 1.54-20 GeV linac.

Parameter Value

length 685.9 m

number of S-band and C-band cavities 60 and 156

number of quadrupoles in the S-band and C-band sections 12 and 13

RF pulse repetition and bunches per RF pulse 200 Hz and 2 (4*)

injection-extraction energy 1.54 GeV-20 GeV

injected emittance at 1.54 GeV (h/v) 1.9/0.4 nm

final emittance w/o blow up at 20 GeV (h/v) 0.15/0.03 nm

average extracted emittance at 20 GeV (h/v) 1.18/0.05 nm

Transmission for 3.5 nC 100%

*During positron beam delivery.

Figure 5.14. Beam Profile of 1.54-20 GeV part linac.

High energy linac is the best place to discuss concepts used in linac optics design.

The linac optics presented in Fig. 5.6, 5.10 and 5.12 have subtle similarity in quadrupole

location. The FODO lattice actually had better located if the distance between the

focusing and defocusing quadrupoles spaced with the same distance. However, in

S. Ogur, “LINAC AND DAMPING RING DESIGNS OF THE FUTURE CIRCULAR e+e− COLLIDER OF CERN”

✤ A design of C-band linac from 6 to 20 GeV was made by S. 
Ogur for the CDR, showing a good emittance preservation 
with misalignments and correction.



Injection time with 20 GeV Linac
Z WW ZH tt

Collider energy [GeV] 45.6 80 120 182.5
Collider & BR bunches / ring 16640 2000 328 48
Collider particles / bunch [1010] 17 15 18 23
Injector particles / bunch [1010] ≦ 3.0
Bootstrap particles / bunch [1010] 1.7 0.9 1.1 1.3
# of BR ramps (to 1/2 stored current) 3 3 3 4
# of BR ramps (bootstrap) 5 7 8 8
BR ramp time (up + down) [s] 0.6 1.5 2.5 4.1
Linac pulses 8320 1000 164 24
Linac repetition frequency [Hz] 200
BR injection time [s] 41.6 5 0.82 0.12
Collider filling time from scratch [s] 337.6 65.0 36.5 50.6
Collider filling time for top-up [s] 42.2 6.5 3.3 4.2
Collider interval between top-ups (2 IP) [s] < 400 < 212 < 44 < 44

With PBR: Collider filling time from scratch [s] 396.8 135.4 113.7 92.9
Collider filling time for top-up [s] 49.6 13.5 10.3 7.7



Summary

✤ The baseline scheme for the FCC-ee injector complex has been 
introduced, basically along the CDR.

✤ The design is based on technologies already experienced at SLC, 
SuperKEKB, and other machines.

✤ The design matches the requirements for the collider 
performance.

✤ Options and alternatives are going to be studied in several parts: 
high-energy linac extension, e+ production, separate linac, etc.


