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TRACEWIN & WARP

_--=+- <TRACEWIN> - - -« ,-===—= <WARP> -——-—-=<

N N
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¢+ Developer: Researchers of CEA SN Developer: D.Grote, J.L.Vay, N

I I A.Friedman, S.Lund
-: _Irfu Warp ’ - | search this site

-

Jnstitute of Research »
into the Fundamental Laws of the Universe

The Team
Example simulation scripts
Warp at Bitbucket

Browse Warp source
Publications and Documentation

slacirans Deams. It permits 251 Deam envalop SompUIaTIons Srand S=n be

Fig. X-Z projection of an inductively
focused/accelerated short-pulse beam in the NDCX-II
accelerator. Solenoid and induction cell elements are

Training shown and beam particles are color coded by axial
Sitemap kinetic energy (D.P. Grote, 2010).
Installation

Running Warp
Warp Units and Variables
Particles

Field Solvers

Lattice
Diagnostics and Plots

Particle Data to and from a Grid Overview
Saving/Retrieving Data

OL and SPL projecss Parametric Scans Warp is an extensively developed open-source particle-in-cell Python package designed for simulation
User notes of plasmas and high current particle beams in a range of applications. The name "Warp" stems from

the code's ability to simulate Warped (bent) Cartesian meshes. This bent-mesh capability allows the
code to efficiently simulate space-charge effects in bent accelerator lattices (resolution can be placed
where needed) associated with rings and beam transfer lines with dipole bends.

Warp has a broad variety of integrated physics models and extensive diagnostics -- most of which
work in multiple dimensions to allow examination of modeling idealizations within a common
framework.

History,

Warp was first developed by Alex Friedman in the 1980s at LLNL following a Livermore Lab model of
steerable compiled code modules linked to an interpreter. The Warp code has been continuously and
extensively extended by David Grote (LLNL/LBNL) from the late 1980s to the present with key
contributions from others in the Warp team to achieve it's present highly developed state.

http://warp.lbl.gov/home

‘\ Second order momentum / Macroparticle /7| Full PIC
\ / N /

s - - - - o o O O S S o o . e Em - e o e e o o o o e e .

dRisT 2018-06-21 | HB 2018 | 4 E’IEEFI

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

http://irfu.cea.fr/dacm/en/logiciels/index.php

I cale compusations (Monte Carlo) based on a client/server architecture. I
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SCC(Space Charge Compensation)
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Neutralization time: 7,

DY+ Kr - DY+ Krt + e~

Atomic Processes
e"+Kr - e + Krt+ e”

1. Ionization by beam
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2. Tonization by electron
3. Recombination
Krt+ e~ > Kr
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Schematic of LEBT & Parameter

Schematic of IFMIF LEBT

Lattice parameter Value
—6061mm— ~—526mm 236+mm
Beam Pipe Radius 80mm
‘ :,; - ~ -
@ “(j_ ‘"@ Cone Radius 35mm,12mm
) Soll1:0.37T
b B-field of Sol
(a) (b) () 1eld of Solenoid Sol2:0.47T
300 mm 300 mm
Nicolas, Chauvin et al. Final Design of the IFMIF-EVEDA Low Energy Beam Transport Line. PAC (2009): 1-2
Initial Beam Parameter
Ele %0 [0 m] NGoo)E)(r:“:r?)o_og(/r:g%?o it oo
‘ Beam Parameter Initial Value
: : Particle Type D*
Beam Current 125mA
O Initial Energy 100keV
i Emittance 0.064 m.mm.mrad
/M\ Twiss Parameter a=08p=20

T T
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Xmax =24.590 mm X'max =16.155 mrad
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Without SCC

TRACEWIN WARP

i ey DAC) Z(m) - X(mm)
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At exit
Enrmsx = 0.3697 m.mm.mrad
Enrmsy = 0.3778m. mm.mrad

At exit
Enrmsx = 0.2796m. mm.mrad
Enrmsy = 0.2794m. mm.mrad

Target value: &, ypps = 0.2337. mm. mrad
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Without SCC

TRACEWIN

Ele #36 [2.05 m]
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WARP
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With SCC

TRACEWIN

0 Y i s
Postion (m)

Rms X

At exit
Enrmsx = 0.1228m. mm.mrad
Enrmsy = 0.1189m. mm.mrad

WARP
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At exit
Enrmsx = 0.1763m. mm.mrad
Enrmsy = 0.1957m. mm.mrad

Target value: &, ypps = 0.2337. mm. mrad
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With SCC

TRACEWIN
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Result Comparison

Without SCC

- Tracein - CEA/DRF /iru/DACM 80 Z(m) - X(mm)
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Enrmsx = 0.2796m. mm. mrad Enrmsx = 0.3697 m.mm.mrad
Enrmsy = 0.2794m. mm.mrad Enrmsy = 0.3778m. mm.mrad
With SCC
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Instability Issue

2 2

Two stream instability: F(k, w) = —2& + “bi (unstable when F(k, w) > 1)
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* Medium Energy Beam Transport (MEBT)
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Quadl1,2,3:25T/m
Quad4: 20.5T/m
Quad5: 20T/m

Lattice Parameter

Schematic of MEBT & Parameter

Schematic of IFMIF MEBT
| [ & & & ! | & B % & 3 & & & £ ] 2
175 130 150 130 150 130 :100‘ 250.454 100,130 100 130 100, 250.454 320 mm —
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Package
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0.0 0.5 1.0 () 1.5 2.0
1. Podadera et al. The Medium Energy Beam Transport Line(MEBT) of IFMIF/EVEDA Lipac. IPAC (2011): 1-2 MaXimum EO LT 35 Okv
Initial Beam Parameter
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1 [ Beam Parameter Initial Value
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Beam Peak Current 125mA
Initial Energy 4.98MelV
0.3 m.mm.mrad
a, =—195,6, = 0.37
Ay = 1.5,,8y = 0.355

Longitudinal Emittance
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Simulation Result

TRACEWIN
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imulation Result

TRACEWIN WARP
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Peak Current Issue

Longitudinal space charge: F, = —
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Future Plan & Summary

* SCC (Space — Charge — Compensation) is essential for achieving required

emittance.

 Instability in LEBT, WARP simulation for MEBT will be optimized.
 RFQ,HWR(SRF) simulation can’t be done in warp simulation. Therefore
RFQ,HWR(SRF) simulation will be done by TRACEWIN, IMPACT — Z

Results from those two simulation codes will be cross checked.

Illn
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