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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) 
(Furman-Pivi model) 1.1, 1.2, 1.3, 1.4

photoelectrons generation rate 𝑛"($)& 1e-3, 1e-4, 1e-5, 1e-6

Frank Zimmermann, ‘FCC-ee design overview’
FCC Week 2019 Brussels, June 2019
https://indico.cern.ch/event/727555/

𝑑𝑁$
𝑑𝑧 =

5𝛼 𝛾
2 3r

𝛼 ≈ 1/137 , fine structure constant

g ≈ 105 , the Lorentz factor

r≈ 11000 [m] , radius of curvature of the particle path

𝑛"($)& = 𝑌$
𝑑𝑁$
𝑑𝑧

(photo-electron yield coefficient)

𝑌$ ≈ 0.1

Number of photoelectrons emitted per length: 

https://indico.cern.ch/event/727555/
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e- density at the center of the dipole chamber

bunch space = 10ns bunch space = 12.5ns bunch space = 15ns

bunch space = 10ns bunch space = 12.5ns bunch space = 15ns

SEY=1.1 SEY=1.1 SEY=1.1

SEY=1.4 SEY=1.4 SEY=1.4

𝑛"($)& =  1e-3
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e- density at the center of the dipole chamber

bunch space = 10ns bunch space = 12.5ns bunch space = 15ns

bunch space = 10ns bunch space = 12.5ns bunch space = 15ns

𝑛"($)& =  1e-6

SEY=1.1 SEY=1.1 SEY=1.1

SEY=1.4 SEY=1.4 SEY=1.4
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Center e- density for various SEY, 𝑛"($)& ,  bunch spacings

SEY=1.4

SEY=1.1

SEY=1.2

SEY=1.3



Center e- density for various SEY, 𝑛"($)& ,  bunch spacings
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𝑛"($)
& =  1e-3 𝑛"($)

& =  1e-4

𝑛"($)& =  1e-5 𝑛"($)& =  1e-6



Center e- density for various SEY, 𝑛"($)& ,  bunch spacings
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SEY = 1.1 SEY = 1.2

SEY = 1.3 SEY = 1.4



Distribution
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∆𝑡
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Densities Δt before bunch arrives
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Max. & Min for 15ns and 𝑛"($)& =  1e-3

SEY=1.1 SEY=1.4

Max ≃ 3.8 x 1012

Min ≃ 2 x 1011

Max ≃ 1.25 x 1013

Min ≃ 5 x 1011

x 3.2

x 2.5
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Center density for different σz (SEY=1.1)

zoom
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Center density for different σz (SEY=1.4)

zoom
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Center density for different σz (SEY=2.1)

zoom



Photon Fluxes with and without Absorbers
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𝑛"($)& =  3.86e-4 [ph/m/e+] 

𝑛"($)
& =  3.51e-5 [ph/m/e+] 

with the courtesy of R. Kersevan



Effects of SEY and 𝑛"($)& decrease larger than 15ns bunch spacings compared to
shorter bunch spacings.

SEY has a more significant effect on Ecloud center density as compared to 𝑛"($)& .

Electron densities vary up to factor 25 between bunch passings. 

Densities for the longitudinal bunch lengths of 3.5mm and 12mm for different
SEY have similar values.

Initial results for the beam pipes for the arcs with and without absorbers are
obtained.

Tests will be done for the Ecloud SEY model.

Conclusions



Thank you..



Furman- Pivi Model for various SEY values

74

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
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Densities Δt before bunch arrives


