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FCCee injector complex

Based on SuperKEKb (common linac for e+/e- )

FCCee injector linac baseline Two drawbacks:
1. Fixed e+ target: flexibility
2. Same linac for e+/e-: efficiency
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Three different schemes – bypass options

1. Dogleg scheme

2. Chicane scheme

3. Arc scheme
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1. Dogleg scheme
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1. Dogleg scheme
e- beam

Output:
e-
S band linac, 25 MV/m
Length: ~320 m
Q: 3.5 nC (2.2 × 1010) per bunch
𝐄𝐄: 6 GeV; 
𝛅𝛅𝑬𝑬
𝐄𝐄

: 𝟎𝟎.𝟔𝟔%; 
𝝈𝝈𝒛𝒛 ∶ 1mm; 
𝜺𝜺𝒙𝒙,𝒚𝒚 = 1.2 nm (normalized 13 μm); 

6GeV e- linacCode: SAD



Code: SAD

1.1) 4.46GeV e- linac
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1.2) dogleg bypass Code: MADX + PLACET

Accelerating mode /decelerating mode
+ Conventional target /hybrid target

1.4) After e+ target: 
separator chicane, 1.54 GeV e+ linac, turnaround loop

Results from Dr. Yanliang Han

Conventional 
target 

+ 
deaccelerating 

mode
Positron yield: 

2.3

1.3) e+ generation

1. Dogleg scheme
e+ beam
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2. Chicane scheme
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2. Chicane scheme
e- beam

Code: SAD

2.1) 4.46GeV e- linac 2.2) chicane bypass
Code: MADX + PLACET

2.3) 1.54 GeV e+/e- linac



Code: SAD2.4) 4.46GeV e- linac
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Accelerating mode /decelerating mode
+ Conventional target /hybrid target

2.6) After e+ target: 
separator chicane, 1.54 GeV e+ linac, turnaround loop

Results from Dr. Yanliang Han

Conventional 
target 

+ 
deaccelerating 

mode
Positron yield: 

2.3

2.5) e+ generation

2. Chicane scheme
e+ beam

Code: MADX + PLACET
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3. Arc scheme
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3. Arc scheme
e- beam

Output:
e-
S band linac, 25 MV/m
Length: ~320 m
Q: 3.5 nC (2.2 × 1010) per bunch
𝐄𝐄: 6 GeV; 
𝛅𝛅𝑬𝑬
𝐄𝐄

: 𝟎𝟎.𝟔𝟔%; 
𝝈𝝈𝒛𝒛 ∶ 1mm; 
𝜺𝜺𝒙𝒙,𝒚𝒚 = 1.2 nm (normalized 13 μm); 

6GeV e- linac



Code: SAD
1.1) before e+ target
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Accelerating mode /decelerating mode
+ Conventional target /hybrid target

1.3) After e+ target: 
separator chicane, 1.54 GeV e+ linac

Results from Dr. Yanliang Han

Conventional 
target 

+ 
deaccelerating 

mode
Positron yield: 

2.3

1.2) e+ generation

3. Arc scheme
e+ beam

10 nC case
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4. Results

The three schemes design can meet the requirement of the Z mode of FCCee.
(e+ yield is about 1.2, see backup slides)

Other new designs are being proposed by our team…
Our design can work as a scale and preliminary study for future proposals.

Realistic bunch properties will be studied in future 
with the experiments of test facilities for both species (e+/e-) injection.

Dogleg scheme
Simple bypass (2 bends) + 
Additional 1.54 GeV linac (section 4) + 
1.54 GeV e+ turnaround loop (arc)

High 
efficiency

Chicane scheme
Complex bypass (4 bends) +
1.54 GeV e+ turnaround loop (arc)

Less cost

Arc scheme
Most complex bypass (6 bends) +
4.46 GeV e- arc
Additional 1.54 GeV linac (section 4)

Simple 
system



Thanks!
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CSR study – dogleg bypass
5nC e- (6.5nC RF gun) Line charge 

distribution,

Normalized 
line density λ

one-dimensional 
charge density

ρ=Qλs

S: bunch length

Backups
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CSR study – dogleg bypass
8.44nC e- (10nC thermal gun)

Line charge 
distribution,

Normalized 
line density λ

one-dimensional 
charge density

ρ=Qλs

S: bunch length
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CSR study – chicane bypass
3.5nC e- (6.5nC RF gun)

Line charge 
distribution,

Normalized 
line density λ

one-dimensional 
charge density

ρ=Qλs

S: bunch length
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1.54 GeV e+ linac FODO cell

LAS
Acceleration 
Length 2 m

Frequency 2856 MHz

Aperture 
radius (a) ~15 mm

Gradient 10 MV/m

Normal S band
Acceleration 
Length 2 m

Frequency 2856 MHz

Aperture 
radius (a) ~10 mm

Gradient 20 MV/m

12 LAS + 28 normal S band
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Error type Value

Offsets 100um/urad

Rotation 100urad

Performances of 100 random machines after orbit steering

Electron source:
6.5 nC RF Gun

Electron source:
10 nC thermionic Gun

e-
E = 4.39 GeV; 
δE
E

~ 𝟎𝟎.𝟓𝟓%; 

𝐐𝐐 > 𝟓𝟓.𝟑𝟑 𝐧𝐧𝐧𝐧;
𝜎𝜎𝑧𝑧 ~ 1mm (0.9mm better); 
𝜀𝜀𝑥𝑥,𝑦𝑦 = 2nm~10nm (5nm better); 
𝜎𝜎𝑥𝑥 = 0.5mm~1mm (can choose 𝟏𝟏𝟏𝟏𝟏𝟏);
𝜎𝜎𝑦𝑦 = 0.5mm~1mm (can choose 𝟏𝟏𝟏𝟏𝟏𝟏);
𝜎𝜎𝑥𝑥𝑥𝑥 ~ 10 urad; 
𝜎𝜎𝑦𝑦𝑦𝑦 ~ 10 urad

e-
E = 4.36 GeV; 
δE
E

~ 𝟎𝟎.𝟔𝟔𝟔𝟔%; 

𝐐𝐐 > 𝟓𝟓.𝟓𝟓 𝐧𝐧𝐧𝐧;
𝜎𝜎𝑧𝑧 ~ 1mm (0.8mm better); 
𝜀𝜀𝑥𝑥,𝑦𝑦 = 10nm~50nm (25nm better); 
𝜎𝜎𝑥𝑥 = 0.5mm~1.5mm (can choose 𝟏𝟏𝟏𝟏𝟏𝟏);
𝜎𝜎𝑦𝑦 = 0.5mm~1.5mm (can choose 𝟏𝟏𝟏𝟏𝟏𝟏);
𝜎𝜎𝑥𝑥𝑥𝑥 ~ 20 urad; 
𝜎𝜎𝑦𝑦𝑦𝑦 ~ 20 urad

Before e+ target

After e+ target

e+
E = 214.7 MeV; δE/E = 3.75%; 𝐐𝐐 = 𝟏𝟏𝟐𝟐𝐧𝐧𝐧𝐧; 
𝜎𝜎𝑧𝑧 = 1.878 mm ; 𝜎𝜎𝑥𝑥 = 4.49 mm; 𝜎𝜎𝑦𝑦 = 4.47 mm
𝜀𝜀𝑥𝑥,𝑦𝑦 = 13.9 um, 𝜀𝜀𝑁𝑁𝑥𝑥,𝑦𝑦 = 5.87 mm

Before damping ring (DR)

e+                                                positron yield: 2.2
E = 1.573 GeV; δE/E = 1%; Q = 12nC; 
𝜎𝜎𝑧𝑧 = 2.26 mm;
𝜀𝜀𝑥𝑥,𝑦𝑦 = 2.325 𝜇𝜇𝑚𝑚 𝜀𝜀𝑁𝑁𝑥𝑥,𝑦𝑦 = 7 mm (6 mm theory)

The final e+ yield is about 7.8×1010/6.25× 1010 =1.2

DR acceptance: 𝜀𝜀𝑥𝑥,𝑦𝑦 = 22.4 𝜇𝜇𝑚𝑚 δE/E = 7.8%
𝜀𝜀𝑧𝑧 = 14.7 𝑚𝑚𝑚𝑚

Final results
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