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FCGee Configuration Z

AA studyto identify the parameters in the range of the values of F€Ecase, which play a
significantrole in the e-cloud formationhas been performed

Parameter [4 IPs, 91.1 km,T,.,=0.3 ms]

beam energy [GeV] 45 80 120 182.5

beam current [mA 1280 135 26.7
|—“-_|

bunch intensity [10""] 243 2.91 2.37

w 6 C// #8581 HAHHE é(!C)C)SfSNJRauEeNheE7NC@)\SzeZ CNI Y] BAYYSNXIYYS ¢

The Z configuratiorhas been investigated, because tkieongest ecloudeffects are foreseen
for this configuratiordue to the highestiumberof bunchegsmallest bunch spacing)
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New Parameters

ANew machine and beam parameters

0 More bunches> smaller bunch spacing (max 18.9 ns)
o Smaller bunch intensity
o Bunch length
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Table 1: FCC-ee collider parameters for Z as of Mar. 16, 2023

Beam energy [GeV] 45.6
Version Mar. 11 | Feb. 07
Layout PA31-3.0
# of 1Ps 4
Circumference [km)] 90.658816
Bending radius of arc dipole [km] 9.936
Energy loss / turn [GeV] 0.0394
SR power / beam [MW] 50
_Bea,m current [mA] 1270
Colliding bunches / beam 16000 9200
olliding bunch population [10°°] 1.50 2.60
Horizontal emittance at collision &, [nm] 0.71
Vertical emittance at collision &, [pm] 14
Arc cell Long 90/90
Momentum compaction oy, (1076 28.6
Arc sextupole families 75
o [mm] 150 / 0.8 100 / 0.8
Transverse tunes/IP @, 53.560 / 53.595 | 53.565 / 53.595
i [%]

[ Bunch lencth (SR/BS) 2 o] 540 /118 4,37/15.9
RF voltage 400,800 MHz [GV] 0.084 / 0 0.120 / 0
Harmonic number for 400 MHz 121200
RF freugeuncy (400 MHz) MHz 400.786684
Synchrotron tune Qs 0.0299 | 0.0370
Long. damping time [turns] 1158
RF acceptance (%] 1.1 | 1.6
Energy acceptance (DA) (%] +1.0
Beam crossing angle at 1P mrad +15
Crab waist ratio % 70-80 97
Beam-beam &, /¢,° 0.0036 / 0.110 | 0.0023 / 0.139
Luminosity / IP [10**/cm?s 140 186
Lifetime (g + BS + lattice) [sec] 10000-1500 20
Lifetime (lum)® [sec] 1340 1010

%incl. hourglass.

"’only the energy acceptance is taken into account for the cross section
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Motlvation

AThescientific goal of the research activitytéscheck thestability limitsby means
of selfconsistent beam stability simulatiofar the different arc elements with
realistice-cloud distributionsobtained frombuild-up simulations

AWhatis the impact of therew parameteron the ecloud singlebunch stability?
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Strategy

AThefirst campaigrof build-up simulation studiesvith the old parameters halseen
used toidentify whichparametersplay a significantole in ecloud formation
process

AA second campaign of builth simulation has been performed in order to assess
the effect of thenew parameter®n thee-cloud formation process

0 comparison between theaew parameters and theld ones

A Stability simulationsising the buildup simulation results with the new parameters
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E-Cloud Formation Process

e is emitted Secondary Electron Emission can drivexeaalanche multiplication
(photoelectric effect) effect filling the beam chamber with aglectron cloud

\ Beam chamber

A Trailing bunches of the traire in
a dense electrotioud (ecloud)

o0 Transverse instabilities

0 Transversemittance blowup

o Particlelosses

Proton bunch Secondary Electron Emissign

| Bunch spacing (e.g. 25 ns) | | | Tim:
Ae-cloud induces othennwanted effectdike: golt;rézfg?af

0 Heat loadon the beam chambers
o Vacuum degradation

A Affects mainly machine operating wittositively
charged particlegp*, €, positive ionX)
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E-Cloud Formation Process

AThechamber geometrinfluences eacceleratiorandtime of flight

2
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ASurface propertiehave a primary role in the
multiplication process

o The main guantity involved is the Secondary
Electron YieldSEY:

—
w0

Iemit
oE) [imp (E)
0 The SEY is thatio betweenemitted andimpacting
electroncurrent as gunction of the energyf the
Impinging electrons 0

] ] 0 560 10|00 15|00 20|00 25|00 3000
o It depends orsurface chemical properties Energy [eV]

0 it depends on thenistory of the surfacgin particular on accumulated electron

dose-> to a certain extent the-eloud cures itselfdeam induced scrubbing
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E-Cloud Formation Process

AA key ingredient is theunch spacing

o It determines how many electrorsirvive
between consecutive bunch passages

o Significant impact omultipactingthreshold
l.e. SEY above which avalanche multiplication

(multipacting is triggered

ABunchintensityand bunchengthalso
have an important effect as they affect
the acceleration received by the electrons
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