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Diagnosis double-cross, vacuum
system and laser mirror

vacuum vessel

CDS booster cavity:
14 cells, 1.3 GHz,E,,,, ~20 MV / m

What is the effect of geometry on beam dynamics for PITZ?
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Full wave simulations with PBCI

= Self-consistent simulations necessary:
- Bunch not ultra-relativistic: wakefield codes not applicable
- Transverse dynamics: wake potential / Green function approach invalid

- Space charge and wakefield effects not separable

» Standard PIC simulations so far not possible:
- Long propagation distance: huge mesh
- High spatial resolution necessary: huge memory / solver times

- Consistent field initialization not trivial

» Idea: combine moving window approach of PBCI with PIC
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Full wave simulations with PBCI

Particle-In-Cell in the moving window

= Dispersion-free method with optimal stability

= “Small” computational window:
— necessary transverse resolution for bunch ~50 um

= |nitial particle distribution from ASTRA

= Self-consistent initial fields?

Basic computational
scheme with moving widow



Full wave simulations with PBCI

Field initialization procedure

= Exact field initialization not possible 40 0.16
= Best available approximation: 2 e
. . £
solution by rest frame transformation > .
= Parasitic low frequency fields 20 0,08
due to relative motion within bunch: L% Charge density
will decay in the beam pipe G 2w 2w 2 2m
VX
=°
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Full wave simulations with PBCI IS
Field initialization procedure

g

Track backwards
with initial velocities
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Full wave simulations with PBCI IS
Field initialization procedure
>
Track backwards Initialize by rest
with initial velocities frame transformation
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Full wave simulations with PBCI DA
Field initialization procedure
€ >
Track backwards Initialize by rest Track forwards to initial
with initial velocities frame transformation positions / velocities
—

40

20

Similar approach for
MAFIA-TS3 by Setzer et al.,
0 EPAC 2004, WEPLTO061

(not using rest frame solution)

0

E /kv/m

-40
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Full wave simulations with PBCI

Field initialization procedure

Relative error of ||E,|| vs. iteration step (Typical) data for CDS simulation
c Length 2.5m
) ® e Grid Ax = Az = 50 um
9 _ R No. DoFs 300 x 10°
< oo No. particles 0.5x 10° — 5 x 10°
= 1 = ——— Longitudinal field oo No. StepS "’100;000
= D’,T —— — Line charge density
E 05 B2 2m 2 s 2o Simulation time ~24 — 72 hrs.
LE §m
0,3
0,2 .
= Fast convergence (1-2 window
0,1 lengths sufficient)
0,07
0.05 = Very low cost compared to

0 20 40 60 80 100 120 140 160 180 total simulation time

lteration step
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CDS results: emittance
Q=1nC
AX, s = 0.4mm
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Full wave simulations with PBCI DA
CDS results: emittance 5 e
AX, s = 0.3mm
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A f keV

AE s f keV
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CDS results: energy spread
gy p Q =1nC
AX, s = 0.4mm
120 3
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Full wave simulations with PBCI £l
CDS results: energy spread 5 e
AX, s = 0.3mm
a0 5
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40 | m— PBC| 4
Relative errar .
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Rest frame simulations with PBCI

= Large energy spread deviations between Astra and PBCI:
- Wakefields?
- PBCI (dispersion errors, initial fields, charge errors, particle noise)?

- Astra (physical simplifications)?

* Rest frame PIC-Poisson solver in PBCI
- Particle distribution from Astra
- Finite differences with PEC / free-space boundary conditions
- Beam tube of arbitrary cross-section
- Fast parallel multigrid solver

- Moving (but non-adaptive) mesh imported from CST Studio™
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CDS results: emittance
Q=1nC
AX, s = 0.4mm
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CDS results: influence of parameters ik
AX, s = 0.4mm
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Rest frame simulations with PBCI DA
CDS results: energy spread S it
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Rest frame simulations with PBCI IS
Energy spread estimation
Longitudinal impedance for transversely a=2mm,y = 10

uniform beam in perfectly conducting pipe*

1000 F

7,2

[ L
Al e) = ‘m{; A
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—2—11(ar) K,(oa) +K o(0b 11( a)
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600

a -
_ 1 1 <
Z" ((1)) = Z az j 27T Z" (T', (l))dr 400 F
0
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i | THz

*Al-khateeb et al, Phys. Rev. E, 63 (2001)
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Rest frame simulations with PBCI

Space charge impedances

a=3mm,y =10 a=1mm,y =50
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Rest frame simulations with PBCI U YRSy
Bunch wake functions
a=1mm,y =10 a=1mm,y =50
15 T T T T
10 F
— Free space 05F — Free space
-~ Ry 19mm Rp: 19mm
~  Current | 7.5ps Current 7.5ps
5k
= =
.5k
. 05 -
. 10F
1o . éO . .20 . .10 0 1.0 2.0 3.0 - ’:%0 . éO - Z.I.O 0 1.0 2.0 3.0
ps 1 ps

_.
m
=

N

17. Dezember 2012 | TU Darmstadt | Fachbereich 18 | Institut Theorie Elektromagnetischer Felder | PD Dr.rer.nat. Erion Gjonaj

n<

o




TECHNISCHE

I I I UNIVERSITAT
Rest frame simulations with PBCI DA
Bunch wake functions
a=3mm,y =10 a = 1mm,y = 10 (long)
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Rest frame simulations with PBCI

Energy spread vs. a
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Rest frame simulations with PBCI

Energy spread vs. bunch length
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Summary & Conclusions

= Space charge & wake fields simulations with PBCI
- For scraper iris and diagnosis cross (see Gjonaj et al, ICAP 2012)

- CDS booster:
* No significant emittance growth due to wakefields
» but large discrepancies (10-20%) in the energy spread compared to Astra

» Rest frame PIC-Poisson solver implemented in PBCI

- CDS booster:
» Perfect agreement with Astra for free-space boundary conditions

« Analytical estimation confirms systematic error in Astra by neglecting longitudinal
beam tube impedance

» Ongoing work with PIC-Poisson / EQS solver at the cathode

17. Dezember 2012 | TU Darmstadt | Fachbereich 18 | Institut Theorie Elektromagnetischer Felder | PD Dr.rer.nat. Erion Gjonaj




Thank You for your attention



