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FCC-ee Collider and Beam Parameters

beam energy [GeV] 456 E Frank Zimmermann, ‘FCC-ee design overview
FCC Week 2019 Brussels, June 2019

bunch spacing [ns] 10, 12.5, 15, 17.5, 20 https://indico.cern.ch/event/727555/

bunches per train 150 A (IP) _—

trains per beam 1 —

- - - L 134m 106m e/ B

circular beam pipe radius [mm] 35 . '

r.m.s. bunch length (o;) [mm] 3.5

h. r.m.s. beam size (ox) [pum] 120

V. .m.s. beam size (oy) [um] 7

] (RF) D (RF)

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 n;(y) le-3, le-4

dN. .
/ =Y. 4 Number of photoelectrons emitted per length:
Ney) = Ty
dz —
a~=1/137 , fine structure constant
dN 5ay
Y = 5 h f
— — ~ 10 , the Lorentz factor
Y, ~ 0.1 dz  2/3p !

(photo-electron yield coefficient) p =~ 11000 [M] , radius of curvature of the particle path



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

Convergence for bunch spacing 10[ns]
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= MP=3500, Grid size=0.2[mm], time step=1e-11[s]
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Furman- Pivi Model for various SEY values

TABLE I: Main parameters of the model. 66(E07 90) — 56(E'07 90 — O) [1 + e (1 — cos®? 90)]
Copper Stainless Steel r
Emitted angular spectl::'im (Sec. IIC1) 5T(EO’ 00) - 51”(E0’ 00 - 0?\[1 + Tl(l —cos”? 00)]
;; k: d el (18 111 B) l 5tS(E0, 00) B 6(00)D(E0/E(90))’
ackscattered electrons (Sec.

Py e(00) 0.02 0.07
e 3(Eo, 00) = 0.(Eo, 00) + 6,(Eo, o) + d1s(Eo, 0)
Ee [eV] 0 0
W [eV] 60.86
D : “Note that FEt ~ Fis and 0t ~ 6ts + P1,e(00) + Py r(00) provided
026 that Eys > Ee, Ey. | |
Rediffused electrons (Sec. IIIC) y ¢ ¢

Pr1,(00) 0.2
B, feV] 0.041 0.88 ) 0.02 0.2
v 0.104
q 0.5
1 0.26 12
T2 2 = §ts (Furman-Pivi model)

= §e (Furman-Pivi model)
?I‘rue secondary electrons (Secc. [11D) 1.0 5, (Furman-Pivi model)
dts 1.8848 1.22 ’
Frs [eV] 276.8 310
s 1.54 1.813
t 0.66 0.66
ts 0.8 0.8 .
t3 0.7 0.7 H
b 1 1
Total SEY" 0.4 1 -
£ [eV] 271 292 Maximum energy for true secondary electrons = 276.8 eV
b 2.1 2.05
“Note that Fi ~ Fis and 8 >~ 045 + P1 e(oc) + P1»(00) provided 0.2 7
that B, 3 Ee, E,. r K

0.0 T T T T
0 200 400 600 800 1000
M.A. Furman and M.T.F. Pivi, ‘Probabilistic Model for the Incident Electron Energy [eV]

Simulation of Secondary Electron Emission’, SLAC-PUB-9912, 2003 4



ECLOUD SEY Model

Z00m

0.7 1 — Gts (ECLOUD Model)
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switch_model = ‘ACC_LOW’ for a more

0.1 A

o accurate treatment of low energy impacts.
' 2 2 6 8 L 0.6
Incident Electron Energy [eV] un ’
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Maximum of the SEY curve = 1.1
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SEY model comparison

6 1el0
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SEY model comparison for 10ns bunch spacing

Number of e = per unit length [m~1]
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— gy =1e-3, SEY=1.3
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Number electrons in the saturation region is higher for the
Furman-Pivi SEY model.




Collider Parameters, bunch spacing =10 [ns]
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5 21
a
E
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N, Lsep , bunch spacing in m

Pneutr =

13 31 —
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Collider Parameters, bunch spacing =12.5 [ns]
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Collider Parameters, bunch spacing =15 [ns]
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Collider Parameters, bunch spacing =17.5 [ns]

1el0
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pc[1013/m3] ~ 0.51 (n,,=1e-3, SEY =1.4)

pneutr[lols/ms] = 0.84 11



Collider Parameters, bunch spacing =20 [ns]
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Collider Parameters for different bunch spacings

o sEveLL SEY=14

25 1lel0 6 lel0
= bunch spacing=10 [ns] —— bunch spacing=10 [ns]
- bunch spacing=12.5 [ns] - = bunch spacing=12.5 [ns]
IE 2.0 bunch spacing=15 [ns] IE 51 = punch spacing=15 [ns]
E = bunch spacing=17.5 [ns] E = bunch spacing=17.5 [ns]
Eﬂ bunch spacing=20 [ns] g 4 bunch spacing=20 [ns]
g g
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c c
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5 5 21
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£ Q
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S S 1
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bunch space [ns] | neutralization value [10*3/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
13



beam prof. [p/m]

Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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beam prof. [p/m]

Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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Collider Parameters, bunch spacing =10[ns]
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beam prof. [p/m]

Collider Parameters, bunch spacing =10[ns]
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beam prof. [p/m]

Collider Parameters, bunch spacing =10[ns]
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beam prof. [p/m]

Collider Parameters, bunch spacing =10[ns]
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beam prof. [p/m]

Collider Parameters, bunch spacing =10[ns]
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beam prof. [p/m]

Collider Parameters, bunch spacing =10[ns]
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beam prof. [p/m]

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

y [mm]

=
Ul

beam prof. [p/m]
o =
U o

o
o

SEY 1.1

—36-26-100 10 20 30

lel3 X [mm]
! . |
: : i
ik f 1
: : i
: : i : :
: : i : :
: : i : :
Ik i
: : i : :
: : i : :
; ; .' ; ;
-20 -10 0 10 20
(s-s0) [m]

beam prof. [p/m]

=
Ul

=
o

o
Ul

o
o

SEY 14

—36-26-100 10 20 30

lel3 X [mm]
! . |
: : i
ik f 1
: : i
: : i : :
: : i : :
: : i : :
Ik i
: : i : :
: : i : :
; ; .' ; ;
-20 -10 0 10 20
(s-s0) [m]

45



Collider Parameters, bunch spacing =10[ns]
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Machine and Beam Parameters for FCC-ee DR

e-/e+ separator ‘

' e+ target
e- Drive Linac = Chicane
NC 200 Hz Capture Section Linac &G Branmm

= = 3[to PBR (SPS 6 -> 20 GeV)

4.46 GeV 1.54 GeV

»Bunch Compressor

1.54 GeV e+ beam

e+ BTL
<€ :
DR

1.54 GeV
Energy 1.54 [GeV]
bunch spacing 50 [ns] beam radius (H) 2.2 [mm]
bunches per train 2 beam radius (V) 2.8 [mm]
trains per beam 8 emittance (X,y) 1.29, 1.22 [um]
bunch length 3.4[mm] external magnetic field 1.8 [T]
bunch population 2.2 x 1010 circular beam pipe radius 10 [mm]

D Ogur et. al ‘Linac and Damping Ring Designs for the FCC-ee’, IPAC 2019 47



FCC-ee DR for different SEY

Number of electrons in the chamber at each time step
radius =10[mm], uniform initial e = density = 1012[m 3]

10 1e9
—_— SEY =1.1
— SEY =1.2
0.8 - —_— SEY =1.3
SEY=1.4
— SEY = 1.5
0.6 -

Number of e = per unit length [m~!]

2.0 2.5
le—6
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FCC-ee DR parameters for various radii and initial electron densities

Number of electrons in the.chamber at each time step
SEY =1.7

1e9

1.0
Initial e~ density=1e10[m 3], rad=10mm
Initial e~ density=1e10[m 3], rad=20mm
0.8 - Initial e~ density=1e10[m 3], rad=30mm
Initial e~ density=1e11[m‘3] , rad=10mm
Initial e~ density=1e11[m~3], rad=20mm
Initial e~ density=1e11[m~3], rad=30mm
Initial e~ density=1e12[m~3], rad=10mm
Initial e~ density=1e12[m~3], rad=20mm
Initial e~ density=1e12[m~3], rad=30mm

0.6

0.4 4

Z00m

Number of e = per unit length [m~*]

25 le8

2.01

1.5 1

1.0 1

0.51

0.0 +
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
le-6




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

Number of electrons in the.chamber at each time step

SEY =1.9
1e9
1.0

= |nitial e~ density=1e10[m—3], rad=10mm
o = |nitial e~ density=1e10[m~>], rad=20mm
I’E 0.8 = |nitial e~ density=1e10[m 3], rad=30mm
= = |nitial e~ density=1e11[m‘3] , rad=10mm
8’ — |nitial e~ density=1e11[m~3], rad=20mm
]
E 0.6 - = |nitial e~ density=1e11[m~3], rad=30mm
% = |nitial e~ density=1e12[m~3], rad=10mm
g — |nitial €~ density=1e12[m~3], rad=20mm
I 0.4 = |nitial e~ density=1e12[m~3], rad=30mm
()
G
—_
Q
£
g 0.2 Z00m
=2

‘\ + N “ ‘
0.0 2.5 “
0.0 0.5 1.0 1.5 2.0 2.5
[sec] le—6 -
1.5

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
le-6




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

Number of electrons in the.chamber at each time step

SEY =2.1
3.0 1e9
Initial e~ density=1e10[m 3], rad=10mm
Initial e~ density=1e10[m 3], rad=20mm
2.5 1 Initial e~ density=1e10[m 3], rad=30mm
Initial e~ density=1e11[m‘3] , rad=10mm
2.0 - Initial e~ density=1e11[m~3], rad=20mm

Initial e~ density=1e11[m~3], rad=30mm
Initial e~ density=1e12[m~3], rad=10mm
Initial e~ density=1e12[m~3], rad=20mm
Initial e~ density=1e12[m~3], rad=30mm

1.5 A

Number of e = per unit length [m~*]

le9

1.0




Thank you..



Furman-Pivi SEY model

de(Eo, 00) = 0.(Eo, 00 = 0)[1 + e1(1 — cos® by)]
0, (Fo,00) = 0,.(Eg, 00 = 0)[1 4+ r1(1 — cos™ )]
5:s(Eo, 00) = 6(00)D(Ey/E(6y)),

=0
0

(Eo,0 = 0) = P, ,(00) + [Py — Py o(00)]e~ (Fo=Fel/W)/p.
+(Eo,0 = 0) = Py ,(c0)[1 — e~ Fo/ B

0(0g) = b1 + t1(1 — cos™ b)),

E(QO) = Ets[l + t3(1 — cos™ 6y)],

0
0

ST
s— 1+ x5

D(x) =



Furman-Pivi SEY model Parameters

(Eo,8 = 0) = P1o(00) + [Pr = Pyo(o0)]e” (PP,
(Ey, 0 = 0) = Py .(00)[1 — e~ Fo/E)"]
0(0p) = 0ps[1 + t1(1 — cos™® 6,)],

TABLE I: NWCLCI‘S of the model.

( Copper ) Stainless Steel

Emitted angular SMSEC. Imc1)
a 1 1

Backscattered electrons (Sec. [IIB)

E(QO) = Ets[l + t3(1 — costt 90)]7 Pi.o(o0) 0.02 0.07
P 0.496 0.5
E. [eV] 0 0
I I T I I I T I T W [eV] 60.86 100
2.0k P 1 0.9
oe [eV] 2 1.9
e 0.26 0.26
€2 2 2
1.5F .
Rediffused electrons (Sec. [11C)
P (o) 0.2 0.74
d data E, [oV] 0.041 10
1.0 — 9, (fit) - r 0.104 1
—— 8, (fit) SEY for Cu q 0.5 0.4
_ Sts (Fit) normal incidence . 0.26 0.26
0.5 0, +8, 48,5 (fit) - " 2 2
True secondary electrons (Sec. I1ID)
Brs 1.8848 1.22
0.0 ; I ; I . I : Es [eV] 276.8 310
. s 1.54 1.813
0 200 400 600 800 t 0.66 0.66
Incident electron enerqgy (eV) t2 0.8 0.8
t3 0.7 0.7
TABLE II: Additional model parameters for the true secondary component. ta 1 1
Copper Stainless Steel 'IA‘Ota{ SEY* ) )
Pn 2.5, 3.3, 2.5, 2.5, 2.8, 1.3, 1.5, 1.5, 1.5, 1.5 1.6,2,1.8, 4.7, 1.8, 2.4, 1.8, 1.8, 2.3, 1.8 ?* [eV] 227; ;32
en [eV] 1.5, 1.75, 1, 3.75, 8.5, 11.5, 2.5, 3, 2.5, 3 3.9, 6.2, 13, 8.8, 6.25, 2.25, 9.2, 5.3, 17.8, 10 i : -

aNote that £ ~ Eys and &) ~ b;5 + P1,e(oc) + Prr(00) provided
that Eis > Ee, By

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



