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Parameter choice for the nano beam scheme

® HourGlass effect degrades the performance.

® Crab waist recovers the degradation.




L/bunch (x10%2 cm2s™)

Current dependence

® If the condition is satisfied, NoCWYV is not
bad for £<O0.1.
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Tune scan with/without crab waist
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*Crab waist gives better performance.

*Synchro-beta resonance is seen in both cases.
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More systematic studies

Machine parameters

Descript)ion __

E (GeV)
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Tentative strong-strong simulation

® PIC collision if the separation of two slices is closer
than 50y, otherwise Gaussian approximation.

e 6000 PIC, 34000 Gaussian approximation per collision
(200x200 slices).
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Complete Strong-
strong simulation

Multi-mesh
Shifted Green function

The code has been developed. The
execution time is huge. Expect next
supercomputer in KEK or new type of
computers.




Errors and noise
tolerances

The tolerances are evaluated with the weak-
strong simulation.

Collision offset and waist deviation
x-y coupling and their chromatic aberrations

Fast noise




Tolerance of collision condition
Horizontal collision offset and waist

* Horizontal offset and waist are related to each other,

* The cross point of the waist is only one in x-z plane for the crab
waist scheme.
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X-Y coupling w/ crab waist
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X-Y coupling w/o crab waist
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Chromatic X-Y w/ crab waist
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Chromatic X-Y w/o crab waist
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Vertical dispersion
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Vertical momentum dispersion, n,’
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* Turn by turn
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Summary — tolerance for parameters

with 20% luminosity degradation

r,” (mrad) +5.3 +3.5
r,” (mm) +0.18 +0.13
r;” (m) +44 +15
r, (rad) +1.4 +0.4
ar," /99 (rad) +2.4 +2.1
ar," /08 (m) +0.086 +0.074
ary" /98 (m) +1.0x10* +8400
ar,” /09 (rad) +400 +290
m, (um) +62 +31
m,” +0.73 +0.23
Ax (um) collision offset 10 10

As (um) waist error 100 100

Ox (um) turn by turn noise 0.5 0.5

oy (nm) 4 4




R-chromaticity (LER) with emittance

coupling=1%
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Average and variance of chromaticity
(LER, emittance coupling=1%)

Parameter ___i=t 2 i3

ry -0.2310.21 -5.9+26.9 -89312495
ry 0.061£0.013 -0.9812.46 -42.9+314
ra -292+232 (-1.71£2.25)x10* (5.24+26.5)x10°
Fa 37.3122.6 (-3.61+1.51)x10° (1.56+1.84)x10°
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Microwave instability in Nano
beam Collision

® |ntegrated horizontal beam-beam force along
bunch length is Bassetti-Erskine type for tri-
Gaussian distribution in x-y-z plane.

® When Micro-wave instability arises, transverse
beam-beam force is distorted and fluctuated.
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Simulation result of collision under micro-
wave instability

The resonator model
is mild for instability.

Longitudinal profile of the strong beam.
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Luminosity and the beam size of the weak beam. No remarkable
effect except for the bunch lengthening in this impedance model.
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Electron cloud issue

* Threshold of the fast head-tail instability,
Pe=1-2x10' cm3.
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* Ante-chamber, Solenoid, coating and grove.
The density is reduced 3-6x10° cm=. (Y.

Suetsugu)




Summary

* Tentative strong-strong simulation did not show
difficulties in the nano beam collision.

* Crab waist gives better performance and loose
tolerances. We should consider the crab waist.

* True strong-strong simulation is prepared.

* Errors and noise tolerances are evaluated. The
tolerance may be feasible for the beam
dynamical issues, if the design lattice is realized.

 All the difficulties are transferred to lattice design
and dynamic aperture issues.

* Show stopper will be in the lattice design and
dynamic aperture issue, if exist.

* The word “ show stopper” is used for bad thing. E. Forest said this was european english.




