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FCC-ee Collider and Beam Parameters

beam energy [GeV] 45.6

bunch spacing [ns] 10, 12.5, 15, 17.5, 20 

bunches per train 150

trains per beam 1

circular beam pipe radius [mm] 35

r.m.s. bunch length (σz) [mm] 3.5

h. r.m.s. beam size (σx) [μm] 120

v. r.m.s. beam size (σy) [μm] 7 

number of particles /  bunch 1.7 x 1011

bend field [T] 0.01415 

secondary emission yield (SEY) 1.1, 1.2, 1.3, 1.4, 2.1

photoelectrons generation rate 𝑛𝑒(𝛾)
′ 1e-3, 1e-4

Frank Zimmermann, ‘FCC-ee design overview’
FCC Week 2019 Brussels, June 2019
https://indico.cern.ch/event/727555/
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 ≈ 11000 [m] , radius of curvature of the particle path
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(photo-electron yield coefficient)

𝑌𝛾 ≈ 0.1

Number of photoelectrons emitted per length: 

https://indico.cern.ch/event/727555/


Convergence for bunch spacing 10[ns]
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r=35 [mm]

circular cylindrical beam pipe



Furman- Pivi Model for various SEY values

4

0.88 0.2

Maximum energy for true secondary electrons = 276.8 eV

1.1 0.02

M.A. Furman and M.T.F. Pivi, ‘Probabilistic Model for the 
Simulation of Secondary Electron Emission’, SLAC-PUB-9912, 2003



ECLOUD  SEY Model
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Maximum of the SEY curve = 1.1

Maximum energy for true secondary electrons =276.8 eV
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SEY model comparison
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bunch spacing =10ns 

𝑛𝑒(𝛾)
′ =1e-3
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Number electrons in the saturation region is higher for the
Furman-Pivi SEY model. 

SEY model comparison for 10ns bunch spacing

Furman-Pivi Model ECLOUD Model
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Collider Parameters, bunch spacing =10 [ns]
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SEY = 1.4

SEY = 1.3

SEY = 1.2

SEY = 1.1
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𝜌𝑛𝑒𝑢𝑡𝑟 =
𝑁𝑏

𝐿𝑠𝑒𝑝 𝜋 ℎ𝑥 ℎ𝑦

𝐿𝑠𝑒𝑝 , bunch spacing in m

ℎ𝑥 ℎ𝑦 , beam pipe radius
𝜌𝑛𝑒𝑢𝑡𝑟  1013 𝑚3 = 1.47

𝜌𝑒  1013 𝑚3 ≈ 1.42     (𝑛𝑒(𝛾)
′ =1e-3, SEY =1.4)
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Collider Parameters, bunch spacing =12.5 [ns]
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SEY = 1.4

SEY = 1.3

SEY = 1.2

SEY = 1.1

𝜌𝑒  1013 𝑚3 ≈ 1.03 (𝑛𝑒(𝛾)
′ =1e-3, SEY =1.4)

𝜌𝑛𝑒𝑢𝑡𝑟  1013 𝑚3 = 1.17
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Collider Parameters, bunch spacing =15 [ns]
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SEY = 1.4

SEY = 1.3

SEY = 1.2

SEY = 1.1

𝜌𝑒  1013 𝑚3 ≈ 0.71 (𝑛𝑒(𝛾)
′ =1e-3, SEY =1.4)

𝜌𝑛𝑒𝑢𝑡𝑟  1013 𝑚3 = 0.98
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Collider Parameters, bunch spacing =17.5 [ns]
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SEY = 1.4

SEY = 1.3

SEY = 1.2

SEY = 1.1

𝜌𝑒  1013 𝑚3 ≈ 0.51 (𝑛𝑒(𝛾)
′ =1e-3, SEY =1.4)

𝜌𝑛𝑒𝑢𝑡𝑟  1013 𝑚3 = 0.84
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Collider Parameters, bunch spacing =20 [ns]
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SEY = 1.4

SEY = 1.3

SEY = 1.2

SEY = 1.1

𝜌𝑒  1013 𝑚3 ≈ 0.45 (𝑛𝑒(𝛾)
′ =1e-3, SEY =1.4)

𝜌𝑛𝑒𝑢𝑡𝑟  1013 𝑚3 = 0.73



Collider Parameters for different bunch spacings

13

SEY=1.1 SEY=1.4

bunch space [ns] neutralization value  1013 𝑚3 electron density  1013 𝑚3

10 1.47 1.42

12.5 1.17 1.03

15 0.98 0.71

17.5 0.84 0.51

20 0.73 0.45
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]



20

SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]



25

SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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SEY 1.1 SEY 1.4

Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4



34

Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Collider Parameters, bunch spacing =10[ns]

SEY 1.1 SEY 1.4
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Machine and Beam Parameters for FCC-ee DR

Energy 1.54 [GeV]

bunch spacing 50 [ns]

bunches per train 2

trains per beam 8

bunch length 3.4[mm]

bunch population 2.2 x 1010

Ogur et. al ‘Linac and Damping Ring Designs for the FCC-ee’, IPAC 2019

beam radius (H) 2.2 [mm]

beam radius (V) 2.8 [mm]

emittance (x,y) 1.29, 1.22 [m]

external magnetic field 1.8 [T]

circular beam pipe radius 10 [mm]
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FCC-ee DR for different SEY



FCC-ee DR parameters for various radii and initial electron densities
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zoom
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FCC-ee DR parameters for various radii and initial electron densities

zoom
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FCC-ee DR parameters for various radii and initial electron densities

zoom



Thank you..



Furman-Pivi SEY model



Furman-Pivi SEY model Parameters

M.A. Furman and M.T.F. Pivi, ‘Probabilistic Model for the Simulation of Secondary Electron Emission’, 

SLAC-PUB-9912, 2003


