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Collision with a large crossing angle
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Beam-beam limit

N=N,=N_: bunch population

* Luminosity
szrep o, Oy 0.0, frep: COllision freq.
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Strong-strong simulation for Large
crossing angle

\I:I\\I: Neglect parallel
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* Two colliding bunches are divided into many slices,
N,~10xc,0/c,.

* Sort slices with their positons z;+z, collision order.
* Each slice contains >10,000 macro-particles

* Solve potential slice-by-slice collision, or Gaussian
approx.



Coherent beam-beam instability

* A coherent beam-beam instability in head-tail
mode was found to start beam-beam studies using
strong-strong simulation.

* In Strong-strong simulation, both beams which are
represented by macro-particles, interacts with each
other in their classical EM field.

* The instability is cross-checked by D. Shatilov using
guasi-strong-strong simulation.



Parameters studied by early 2017

Parameter SuperKEKB FCC-ee-Z H
design commissioning| HiLum base

Energy E,,_ (GeV) 4/7 45.5 45.5 120
Bunch population N+/_(1010) 9/6.5 6.3/5 10 3.3 8
Emittance €z/y (1m/pm) 3.2/8.64 3.2/44 0.2/1 0.09/1 0.61/1.2
Beta at IP By, (m/mm) 1]0.032)0.27 2.2 1 2 1/2
Bunch length o, (mm) 6 6.7 3.8 2.4
Energy spread as (%) 0.08 0.22 0.09 0.12
Damping time 72/ 1o 4000 3000 150
Synchrotron tune v, 0.025 0.036 0.025 0.056
Luminosity per IP|L (10%* cm~2s71) 80 - 207 90 5.1
Beam-beam Ex/y 0.0028/0.088 : 0.025/0.16 0.05/0.13 0.08/0.14
Piwinski angle 0.0c/04 20 8.7 10 6 1.5
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Simulation for H
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Strong-strong simulation for Z factory
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¢ limitis around 0.06-0.07.
Coherent instability is strong.
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Simulation for 7
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Strong-strong simulation in SuperKEKB
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Strong-head-tail instability is
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SuperKEKB Phase 2
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This instability can be observed in SuperKEKB Phase |l
commissioning. Phase Il starts from 2018.



Study of the mechanism of the
instability

* Cross-Wake force during collision

Offset I/
Ake of electron beam induced by
positron beam distortion

bunch is kicked

AN




Analytic expression of the cross-wake force
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Cross-Wake force due to beam-beam collision

W, (m™)
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Simulation result using the cross-wake
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Correlated wake simulation, not
beam-beam simulation.

Both beams have the same
distribution. o mode oscillation.



Instability theory

* Two beams had the same (identical) distribution in
the simulation, c mode head-tail.

* The two beam cross-wake force is treated as a
single beam wake force for c mode.

[ ~ 30,
Apz +(2+) / Wa( pz(2)dZ,
G mode
* For ®t mode, the sign of wake is inversed.
[
Ap:c,i(zi) =1 f—.ﬁ Wm(zﬂ: o Zfi)pm(zfi)dzfi 7 mode

* Conventional instability theory can be applicable.
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Impedance Zow) =i [~ Wi(e et
* The wake is symmetric for z.

* The impedance is pure imaginary and symmetric
for m.
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Simulation of single beam instability

using the wake force
The growth disappears v./n, W/n, n->eo
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Strength of the localized

= The wake with opposite sign is stable. 1t mode head-tail is

stable.



heory for instability due to a localized
based on the bunch lengthening theory b
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Figenvalues and eigenvectors

o/m modes, all Tt modes are stable

growth rate (log|A|)

Wake strength scan,
all modes are stable at W/10
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All T modes are stable.

Threshold exists for strength of the
wake.

Everything is consistent with the
single beam simulation

7 modes are unstable in pp collision.
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Scan for wake strength
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Detailed behavior

¢ mode, v, ,=0.54, v.=0.018.
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Imaginary part- Growth rate

+ Threshold W=0.1W, c mode, v,,=0.54, v.=0.018.
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© mode, v,=0.54, v.=0.018
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* No coupling between different parity modes.
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summary
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Thank you for your attention



