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Toleranceof IRerrorsfor Beambeam
Interactions

AWeakstrong simulation is used fdhe parameter scan.

AExamples, wffset and r1*.
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* Turn by turn noise without correlation in turns.
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Summary — tolerance for parameters

with 20% luminosity degradation
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Ax (im) collision offset 10 10 The degradation is
As (um) waist error 100 100 roughly quadratic
Ay, Ay’ (um,prad) collision offset 0.02 (100)
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Threshold of the strong heatdil instability
(Balance of growth and Landau damping)

Astability condition fomes Jc>1 1 J _id
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\/B'U a1 0 compaction

AQ:menI’ WeSz/C)
A Q,=10 in this presentation, depending on the nonlinear
Interaction.

AK characterizes cloud size effect and pinching.
A w,s,/c~12-20 for SuperKEKB
AWe useK=w,s,/c andQ,=7 for analytical estimation.

ns,=as,L



Parameters

Table 1: Basic parameters of the positron rings

Lattice KEKB Cesr-TA PETRA-III | SuperKEKB | Super B
Circumference L (m) 3,016 768 2304 3016 1260
Energy E (GeV) 3.5 2-5 6 4.0 6.7
Bunch population N;(101°) 8 2 0.5 9 5
Beam current I, (A) 1.7 - 0.1 3.6 1.9
Emittance Ez(nm) 18 2.3 1 3.2 2
£y(nm) 0.18 0.023 0.01 0.01 0.005
Momentum compaction | a(107%) 3.4 68 12.2 3.5
Bunch length oz(mm) 6 6.8 12 6 5
RMS energy spread or/E(107%) | 0.73 0.8 0.8 0.64
Synchrotron tune Vg 0.025 0.067 0.049 0.0256 0.0126
Damping time Tz (ms) 40 56.4 16 43 26
Table 2: Threshold of the B factories positron rings and others
KEKB KEKB Cesr-TA PETRA-IIT | SuperKEKB | SuperB
(no sol.) (50 G sol.)
Bunch population | N4 (10') 3 8 2 8 5
Beam current I. (A) 0.5 1.7 - 0.1 3.6 1.9
Bunch spacing {sp(ns) 8 7 4-14 8 4 4
Electron frequency | we/2m(GHz) 28 40 43 35 150 175
Phase angle W0, [c 3.6 5.9 11.0 8.8 18.8 18.3
Threshold pe (1012 m—3) 0.63 0.38 1.7 1.2 0.27 0.54




SuperKEK&mulation in 2010
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Electron cloud instability in high beta lattice

ARealistic electron cloud distribution was givenSuetsugtet al.
AThe wake effect to beam is stronger for lalge

AIR beta is hugds,=20003000m. Beam size is large , electron
frequency Is slow. —
C

AUnstable mode depends om.s,/c, and the spread reduces Q factor
of the electron cloud wake.

AThe estimation usin@” T 'Qiis inaccurate.

APEHTS simulation using s dependent grid Poisson solver have been
performed.



Beta function and estimated cloud density

IR whole ring
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Two cases of cloud densities, model 3; green and model6; cyan curves.
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Tune shift contribution

14 x T T T I

. n 1 0.0016 . . . . . n 0.00012
local - : ¥ local -------- ,
i integral 3 ——— ¢ § integral 3 ———
iy i S 0.0014 : S
12 f integral 6 integral 6 h 0.0001
0.0012 |- |

— 4 8e-05
H 0.6 0.001 [

10

Avy

00008 o 1 6e-05

peBy (10" m?)

| %% 0.0006 |- ss
s ss sa 4605

4 o2 0.0004 1

2 [i o : 33 4 2e-05
1: ! o L 0.0002 |- o ‘ B

Offi‘ff‘f:;ff:fl‘::f‘flffff::;‘:if;fff:‘fi_:0 £ O T A -
0 500 1000 1500 2000 2500 3000 0 L : : [ : : 40
0 500 1000 1500 2000 2500 3000

s (m)

ATune shift and 0, near IR{/0<s<70m) are dominant.

ADesign g "1 Qi pmtpT pTAd

s (M)



Betatron tune and electron frequency variation
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AHigh beta section separate the betatron phase differepcBRonlinear
force with even parity is coherently accumulated.

Aw,s/c is very high near IP. The area is narrow and low beta, neglect.



Vertical emittance growth caused by the
electron cloud fast heathil instability

Model 3 green in p.9

Model 6: cyan in p.9
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Radiatiordampingandexcitation
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Which cloud i1s dominant, in IR or Arc.
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Electrons only near IR Electrons only in ARC
AElectrons near IR is dominant
Alt means that thancoherent emittance growth is evaluated correctly.



