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e |Introduction

 Choice of key parameters: rf voltage ramps, phases
and merging time

* |ntensity effects: Longitudinal space charge and cavity
beam loading

 Simulation of longitudinal manipulation of proton
bunches with optimized parameters (two examples)

« Simulation of heavy ion (U?®*) bunch manipulation
iIncluding fast bunch rotation with optimized parameters

e Summary
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Introduction
 In SIS-100, for proton operation, four bunches are merged to one bunch:
1) First merging: 4 bunches (h=10) —* 2 bunches (h=5)
2) Batch compression: 2 bunches compressed (h=5 to 10)
3) Second merging: 2 bunches (h=10) —» 1 bunch (h=5)
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Choice of key parameters

« Bunch merging with constant bunching factor
bunch length

> Bunching factor defined as

- Longitudinal
emittance

Bunch length

> Matched
RF voltage

> RF phase
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Choice of parameters for bunch merging

* Merging time can be determined via simulation results
> ~100 ms (20Ts) can ensure a good emittance conservation

0.02
1.5 T ' i i ' bm = 10T, t =0 | [t= %

@—® 10 space charge, no beam loading

10 l ] ] 1 l
60 80 100 120 140

merging time (ms)

S 14f |
c

@

E 1.3 i

5

8 1.2 - .

N (C)]

I i 3075 o tm = 20Ts, t =0
£

)

zZ

T
tm = 30T, t =0

‘ C) | | | | |
70 140 O 70 140 O 70 140
z[mm)] z[mm] z[mm]
PyYORBIT is employed for the simulation
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Choice of parameters for batch compression

 For short bunch train, modulation
effect is not a problem
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Batch compression with harmonics
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RF voltage

 The emittance growth is less
sensitive to the rf voltage
than during bunch merging.
Equal voltage amplitude on
harmonic is chosen.
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Intensity effects - longitudinal space charge

e Space charge can be well-compensated A
via increasing external rf voltage He WIER S.¢.
& Red without s.c.
v
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Intensity effects — cavity beam loading

 Beam loading can be evaluated
by RLC model

> e.g. Initial beam loading voltage of
four bunches on SIS-100,

Volo = 7.61,9.79,15.1,16.2 kV

« Beam loading matching shifts

Beam loading parameters in SIS-100

 Beam loading parameter

Y Wblo * The cavity number should be as
S VA few as possible to minimize the
r

beam loading effect
to evaluate the contribution

of the beam loading
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Bunch merging with intensity effects

» Choice of merging time 18 ————
171 @@ with matching shift ||
Better merged 16 5T 50 —@ with both shifts
> Longer ! 1.5
merging time | Longer beam 5 1;1
loading effect 19
1.1
> Preferred:100 ms 10—
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« Two beam loading compensation shitts  Final emittance growth with beam
loading and space charge

> “Matching shift” for initial matching Red: with initial matching shift

VblO Blue: with both shifts
Aoy = asin( —) — asin(Ebl) (reduced emittance)
rf0

> “Symmetry shift” for keeping
the merging to be symmetrical
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(A physics paper to be submitted.)
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Bunch merging with intensity effects

 Simulation results
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* Merging time: 100 ms
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Batch compression with intensity effects
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beam loading effect is weaker
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An example of proton bunch manipulation
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An example of proton bunch manipulation

Main parameters for the proton bunch manipulation
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Second example of proton bunch manipulation
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Second example of proton bunch manipulation

« Simulation result
Initial 1% merging  Batch compression 2" merging
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Particle distribution in the phase space during bunch manipulation
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Proposed schemes for heavy ion (U%**) bunch manipulation
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Proposed rf voltage ramps for heavy ion manipulation

« For 1° merging and batch compression: voltages in h=5 increase fast to
provide a large bucket area (acceptance).

 For 2" merging, voltages in h=5 halved to generate a longer bunch length

 For 2™ batch compression h=5 to 6, distance decreased
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Design of fast bunch rotation

« Large distance leads to large _--
filamentation (limited voltage 360 kV) | === ofacter Q@ | 2

== Rotation of two bunches
after batch compression
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Design of fast 90° bunch rotation
* Main parameters for the fast bunch rotation

More detailed parameters can be found in the technical report
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Simulation results of fast bunch rotation
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Summary

e Longitudinal bunch manipulation (bunch merging and batch

compression) in SIS-100 including high intensity effect are
Investigated.

 Bunch merging scenario with tolerable emittance growth are
demonstrated

 Manipulation of four proton bunches towards a single bunch in
SIS-100 is shown, using an example ramp.

* Manipulations of eight U28+ bunches towards a single bunch,
Including fast bunch rotation: an optimized scenario to meet the
user requirements

* Optimized ramp parameters are used to minimize the emittance
growth caused by intensity effects.

The report available at https://repository.gsi.de/record/238378
20 |Zs
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Thanks for your attention!
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Appendix | Space charge calculation (Elliptical model)

« Space charge voltage is -calculated
based on the elliptical model

« Elliptical model

!

Parabolic line density

!

Linear space charge forces

« With space charge, the rf voltage should
be increased to compensate the space
charge defocusing force (voltage)

Elliptical particle
distribution

AE [GeV]

Parabolic
line density

0 ;' 40 TR0 ? LQO

length [m]

i Linear space i
: charge forces

Space charge forces
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Appendix Il Beam loading calculation model

* The parallel RLC circuit seen by the beam

Shunt impedance

Rsh
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Appendix lll Beam loading shifts

« The matching shifts A®, .for bunches are different, since the b.|. voltage
depends on the positions

- However, A® _ .break the symmetry during bunch merging

1
« To compensate the symmetry, the Adne = = (A LA
symmetry shift A®,_is added on the ih 2( bl 1 Pbl,2)

harmonics (cavities), satisfying

Symmetry shift

Dashed line:
shifted harmonic

June 24 2021 | Yao-shuo Yuan |




Appendix IV Beam loading matching
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Appendix V Simulation of proton bunch
manipulation without intensity effects
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* The emittance growth is < 3% with total time of 300 ms.

1% bunch merging:100 ms

Batch compression:100 ms

2" bunch merging:100 ms
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