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Simulations of Non-scaling FFAGs Using PTC

	Authors
	  
	Dan Tyler Abell, George I. Bell, Andrey V. Sobol (Tech-X, Boulder, Colorado), Alessandro G. Ruggiero, Dejan Trbojevic (BNL, Upton, Long Island, New York), Etienne Forest (KEK, Ibaraki) 
	

	Abstract
	  
	Non-scaling FFAGs are sensitive to a slew of resonances during the acceleration ramp. An important consideration--because it affects the amount of rf power required--will be the speed at which resonances must be crossed. We present simulations of possible designs for non-scaling FFAGs, focusing especially on the effects of the acceleration rate, beam emittance, space-charge, and fringe fields using newly developed capabilities in the code PTC [*].
	

	Footnotes
	  
	[*] E. Forest, Y. Nogiwa, F. Schmidt, "The FPP and PTC Libraries", ICAP'2006. 
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An approach for producing the parameters of an RFQ accelerator

	
	  
	
	

	Presenter
	  
	Ehsan Ali-Bagheri (University of Tehran, Tehran)
	

	Authors
	  
	Ehsan Ali-Bagheri, Farzin Mojtaba Aghamir, Masoud Mahjour-Shafiei (University of Tehran, Tehran) 
	

	Abstract
	  
	The process of development of a new code to generate design parameters of the RFQ (Radio Frequency Quadrupole) has been presented. With this routine the geometry of the tips of the RFQ can be calculated. The code is written in C++ to accommodate the object-oriented programming under Linux to allow for future developments for high performance calculations of the beam dynamics including space charge effects.
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	Marcos Ruelas (RadiaBeam, Marina del Rey)
	

	Authors
	  
	Gerard Andonian (RadiaBeam, Marina del Rey; UCLA, Los Angeles, California), Sven Reiche (PSI, Villigen), Marcos Ruelas (RadiaBeam, Marina del Rey) 
	

	Abstract
	  
	The development of the code RadTrack is based on the need to model accelerator system diagnostics. The code is built using a modular approach with a strong emphasis on intuitive user interface. The operations of trajectory calculation and radiation field solving are segregated; currently the tracking is handled by Q-Tracker and the field solving is executed by a modified version of QUINDI. Additionally, the RadTrack user interface allows for seamless start-to-end stitching of I/O exchange between certain codes, and the visualization canvas reinforces user directives in a near-real-time environment.
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	Authors
	  
	Galina Asova, Sergiy Khodyachykh, Mikhail Krasilnikov, Frank Stephan (DESY Zeuthen, Zeuthen), Ivan Tsakov (INRNE, Sofia) 
	

	Abstract
	  
	The production of electron beams suitable for the successful operation of the European XFEL is studied at the Photo-Injector Test Facility at DESY, Zeuthen site (PITZ). The PITZ beamline is equipped with three dedicated stations for transverse emittance measurements and in the forthcoming shutdown period a section for transverse phase-space tomography diagnostics will be installed. The module contains four observation screens and therefore only four projections can be used in order to reconstruct an underlying phase-space density distribution. This work presents the performance of a number of reconstruction algorithms on limited projection sets using numerical data applied to the PITZ operating conditions. Different concepts for comparison between an original phantom and the reconstructed distribution are presented.
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	This work has partially been supported by the European Community, contract No. RII3-CT-2004-506008 and 011935
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	Mohamad Reza Babapoor Ghadikolaee (STAR, Inc., Mequon), Behrooz Fateh (Nuclear Science & Technology Research Institute, ), Seyed Mahmoud Reza Aghamiri (Shahid Beheshti University, Evin, Tehran) 
	

	Abstract
	  
	Increased path length of the energetic electrons increases the probability of ionization. Various methods have been used to trap electrons in different ion sources including electron cyclotron resonance, Penning ion gauge and multicusps. In this paper an electron trap in multicusp ion source has been investigated. In all works that have been done up to now, optimized magnetic field have been evaluated experimentally and there has been no proper theoretical quantity to judge about the design before fabrication. Here we have developed a new objective function for evaluating the electron trap and so ion source efficiency.
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Particle-in-cell simulation of electron-helium plasma in cyclotron gas stopper

	
	  
	
	

	Presenter
	  
	Yuri Batygin (NSCL, East Lansing, Michigan)
	

	Authors
	  
	Yuri Batygin, Georg Bollen, Christopher Campbell, Felix Marti, David Joseph Morrissey (NSCL, East Lansing, Michigan) 
	

	Abstract
	  
	The cyclotron gas stopper is a newly proposed device to stop energetic ions in a high pressure helium gas and to transport them in a singly charged state with a gas jet to a vacuum region. Ions are injected into the region with vertical magnetic field, where they first meet a degrader and then move in helium gas. Due to multiple scattering, radioactive ions lose their energy, and the process is accompanied by ionization of helium. Externally applied voltage remove electrons and single-charged helium ions from the box. Under a certain incoming particle rate, the amount of ionized charge becomes large and cannot be removed completely. As a result, a neutralized plasma is accumulated in the center of the box and new incoming particles cannot be ejected from the field-shielded area. The present study focuses on a detailed understanding of space charge effects in the central ion extraction region. Particle-in-cell simulations of electron-helium plasma are based on self-consistent particle tracking in a field obtained from solution of Poisson’s equation for particle interacting via Coulomb forces. The paper analyzes the process and estimates the maximum possible incoming particle rate.
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	Authors
	  
	George I. Bell, David Leslie Bruhwiler, Andrey V. Sobol (Tech-X, Boulder, Colorado), Ilan Ben-Zvi, Vladimir N. Litvinenko, Eduard Pozdeyev (BNL, Upton, Long Island, New York) 
	

	Abstract
	  
	Next generation ion colliders will require effective cooling of relativistic ion beams. The coherent electron cooling (CEC) concept combines the best features of electron cooling and stochastic cooling, via free-electron laser technology, to cool high-energy hadron beams on orders-of-magnitude shorter time scales [*]. We present simulations of the modulator section of a CEC, which is similar to a standard cooler using co-propagating electrons. However in this case dynamical friction becomes irrelevant and the key physics is the shape of the density wake imprinted on the electron distribution by each ion. All simulations take advantage of the massively parallel VORPAL framework. We apply two numerical techniques, particle-in-cell (PIC) and delta-f and compare them with each other and to recent exact theoretical results for a Lorentzian electron velocity distribution [**].
	

	Footnotes
	  
	[*] V.N. Litvinenko and Y.S. Derbenev, Phys. Rev. Lett. 102, 114801 (2009). 
[**] G. Wang and M. Blaskiewicz, Phys Rev E 78, 026413 (2008).
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	Authors
	  
	George I. Bell, Dan Tyler Abell (Tech-X, Boulder, Colorado) 
	

	Abstract
	  
	Many new accelerator designs such as FFAGs require a large energy acceptance, which is difficult to model accurately in high-order particle tracking codes (*). Fringe fields are significant in these devices, and standard hard-edge magnets are not accurate enough. We consider magnets in straight and curved geometries, and with multipole or mid-plane symmetries. We show that when the fields are modeled using power series expansions in a transverse parameter, the domain of convergence is determined by the fringe-field decay length. We give tune predictions from PTC (**) in a sample FFAG using hard versus soft edge magnets over the full energy range of the device (31-250 MeV).
	

	Footnotes
	  
	* M. Berz, B. Erdelyi, and K. Makino, Phys. Rev. ST-AB 3, 124001, (2000). 
** E. Forest, Y. Nogiwa, F. Schmidt, "The FPP and PTC Libraries", ICAP’2006.
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	Michael Borland (ANL, Argonne, Illinois) 
	

	Abstract
	  
	Optimization of dynamic and momentum apertures is one of the most challenging problems in storage ring design. For storage-ring-based x-ray sources, large dynamic aperture is important in obtaining high injection efficiency, which leads to efficient operation and protects components from radiation damage. X-ray sources require large momentum aperture to obtain sufficiently long Touschek lifetimes with low-emittance beams. We have developed effective methods of optimizing dynamic and momentum apertures that rely directly on tracking using a moderately sized Linux cluster. After reviewing the method, we present examples of its application to APS operations, upgrades, and next-generation storage rings.
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	Work supported by the U.S. Department of Energy, Office of Science, Office of Basic Energy Sciences, under Contract No. DE-AC02-06CH11357.
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	Authors
	  
	Vincent Schoefer, Leif Ahrens, Kevin A. Brown, Alfredo U. Luccio, William W. MacKay, Thomas Roser (BNL, Upton, Long Island, New York) 
	

	Abstract
	  
	In order to preserve polarization during polarized proton operation for RHIC, two partial Siberian Snakes are employed in the AGS, where a number of strong spin depolarization resonances must be crossed. These Snakes cause a significant distortion to the injection lattice of the AGS and must be included in the on-line model. In this report we discuss the problem of modeling Snakes as optical elements, particularly as madx elements, and present results comparing measurements to the AGS on-line model.
	

	Auspices
	  
	Work supported by Brookhaven Science Associates, LLC under Contract No. DE-AC02-98CH10886 with the U.S. Department of Energy.
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Fast Calculation of Particle-Particle Interactions by means of a Nonequispaced Fast Fourier Transform (NFFT)

	
	  
	
	

	Presenter
	  
	Thomas Flisgen (Rostock University, Rostock)
	

	Authors
	  
	Thomas Flisgen, Gisela Pöplau, Ursula van Rienen (Rostock University, Rostock) 
	

	Abstract
	  
	Demanding applications such as heavy ion fusion, high energy colliders and free electron lasers require the study of beam phenomena like space-charge induced instabilities, emittance growth and halo formation. Numerical simulations for instance with GPT (General Particle Tracer, Pulsar Physics) calculate the mutual Coulomb interactions of the tracked particles *. The direct summation of the forces is rather costly and scales with O(N²). In this paper we investigate a new approach for the efficient calculation of particle-particle interactions: the fast summation by Nonequispaced Fast Fourier Transform (NFFT) **. We describe the algorithm and discuss the performance and accuracy of this method for several particle distributions.
	

	Footnotes
	  
	*S. van der Geer and M. de Loos. The General Particle Tracer 
Code. TU Eindhoven, 2001. 
**G. Pöplau, D. Potts, U. van Rienen, Mathematics in Industry, 9, Springer, Berlin, 2006, p. 241 -246
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	Yu-Chiu Chao (TRIUMF, Vancouver)
	

	Authors
	  
	Yu-Chiu Chao (TRIUMF, Vancouver) 
	

	Abstract
	  
	The TRIUMF-VECC Electron Linac is a device for gamma-ray induced fission of actinide targets, with applications in nuclear physics and material science. A phased construction and commissioning scheme will eventually lead to a 50 MeV, 10 mA CW linac based on superconducting RF technology. Using this linac to deliver high intensity electron beams for applications such as an energy-recovered light source is a possibility integrated in the design study. The multitude of design and tuning parameters, diverse objectives and constraints require a comprehensive and efficient optimization scheme. For this purpose we adopted the genetic optimization program developed at Cornell University* as a prototype. Feature extensions were developed to accommodate specifics of the Electron Linac design, provide framework for more generic and integrated design process, and perform robustness/acceptance analyses. In this report we will discuss the method and its application to the design optimization of the Electron Linac.
	

	Footnotes
	  
	* I. Bazarov and C. Sinclair, PRST-AB 8, 034202 (2005), and references therein.
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	Abstract
	  
	Laser plasma generated wakefields sustain accelerating gradient a thousand times higher than conventional accelerators, allowing acceleration of electron beams to high energy over short distances. Recently, experiments have demonstrated the production of high quality electron bunches at 1GeV within only a few centimeters. We present simulations, with the VORPAL framework, of the next generation of experiments, likely to use externally injected beams and accelerate them in a meter long 10 GeV laser plasma accelerator stage, which will operate in the quasi-linear regime where the acceleration of electrons and positrons is nearly symmetric. We will show that by using scaling of the physical parameters it is possible to perform fully consistent particle-in-cell simulations at a reasonable cost. These simulations are used to design efficient stages. In particular, we will show that we can use higher order laser modes to tailor the focusing forces, which play an important role in determining the beam quality. This makes it possible to increase the matched electron beam radius and hence the total charge in the bunch while preserving the low bunch emittance required for applications.
	

	Auspices
	  
	This work was supported by the U.S. DOE Office of Science HEP including contract No. DE-AC02-05CH11231 and DE-FG02-04ER84097 and by SciDAC grant No. DE-FC02-07ER41499 and by U.S. DOE NA-22.
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	Abstract
	  
	Simulation of laser wakefield accelerator (LWFA) experiments is computationally highly intensive due to the disparate length scales involved. Current experiments extend hundreds of laser wavelengths transversely and many thousands in the propagation direction, making explicit FDTD/PIC simulations enormously expensive. We present a model which substantially improves the performance of LWFA simulations by modeling the envelope modulation of the laser field rather than the field itself. This allows for much coarser grids, since we need only resolve the plasma wavelength and not the laser wavelength, and this also allows larger timesteps. We show speedup of over 5 orders of magnitude over explicit FDTD. We also show that this envelope model has much lower numerical dispersion error than FDTD, while maintaining the property of second-order convergence. Finally, we show studies of kinetic interpolation errors and demonstrate efficient simulations of particle trapping and meter-scale acceleration stages.
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	Work supported by U.S. Department of Energy grant DE-FC02-07ER41499 (ComPASS SciDAC) and by Tech-X Corporation.
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	Benjamin Cowan, David Leslie Bruhwiler, John R. Cary (Tech-X, Boulder, Colorado), Estelle Cormier-Michel, Eric Esarey, Cameron Guy Robinson Geddes (LBNL, Berkeley, California) 
	

	Abstract
	  
	We present a modified FDTD update algorithm that achieves perfect dispersion behavior along a single axis in two or three dimensions without stringent constraints on the cell aspect ratio. We describe the algorithm and its dispersion and stability behavior, as well as charge conservation. We show that the algorithm can significantly reduce group velocity errors for linear laser pulses propagating in plasma channels. Finally, we show the reduction in dephasing error in scaled simulations of quasilinear laser wakefield acceleration simulations.
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	Work supported by U.S. Department of Energy grants DE-FG02-07ER84834 (SBIR) and DE-FC02-07ER41499 (ComPASS SciDAC) and by Tech-X Corporation.
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	Benjamin Cowan, Peter Messmer (Tech-X, Boulder, Colorado), Boyana Norris (ANL, Argonne, Illinois) 
	

	Abstract
	  
	Domain decomposition is a strategy often used to parallelize simulations based on partial differential equations, where the computational domain is distributed among the individual processors. In the case of explicit time integration of finite-difference operators, only values at the boundary need to be exchanged with neighboring processors. When targeting petascale supercomputers, local domains can become so small that the messaging latency is significant, so the messaging procedure must be carefully optimized. We explore different schemes for exchanging field values among domains in highly parallel 3D electromagnetic simulations using MPI. Minimal kernels are used to test various messaging schemes between domains connected by faces, edges, and corners in an orthogonal decomposition. We find that on the Cray XT4 platform, a factor of 5 speedup in communication time is obtainable by using "staged" messaging -- in which messages are exchanged in one direction at a time -- rather than sending and receiving messages for all neighbors at once. CrayPat timings are also shown to investigate the source of the timing difference. In addition, we show scaling tests on the BG/P platform.
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	Work supported by U.S. Department of Energy, Office of Science grant DE-FG02-07ER84731 (SBIR) and by Tech-X Corporation.
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	Abstract
	  
	For the 250 MeV test injector, it is planned to use a 2.6 cell RF gun originally developed for high current and charge operation in the CLIC test facility CTF-2. First start-to-end simulations assuming perfect field symmetries show, that this gun should be able to generate bunches at 200 pC with an emittance of below 400 nm rad, which would be compatible with the requirements for the SwissFEL. This gun uses double side coupled RF feeds in the last cell as well as tuners in the last two cells, which give transverse multipole effects in the field and phase space distribution and may lead to a deteriorated emittance. Since the beam in the last cell is already relativistic at energies between 4 and 6.4 MeV, this effect can be computed in a clean way by looking at the distributions of the integrated beam voltage at the cavity iris and deriving any transverse kicks via the Panovsky-Wenzel theorem. Doing this approach for the various operation modi planned for the PSI injector shows an emittance dilution well below the critical thresholds.
	

	
	
	
	


	THPsc018  

An Application of Differential Algebraic Methods and Liouville’s Theorem: Uniformization of Gaussian Beams

	
	  
	
	

	Presenter
	  
	Bela Erdelyi (Northern Illinois University, DeKalb, Illinois)
	

	Authors
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	Abstract
	  
	Most charged particle beams under realistic conditions have Gaussian density distributions in phase space, or can be easily made so. However, for several practical applications, beams with uniform distributions in physical space are advantageous or even required. Liouville’s theorem and the symplectic nature of beam’s dynamic evolution pose constraints on the feasible transformational properties of the density distribution functions. Differential Algebraic methods offer an elegant way to investigate the underlying freedom involving these beam manipulations. Here, we explore the theory, necessary and sufficient conditions, and practicality of the uniformization of Gaussian beams from a rather generic point of view.
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	Abstract
	  
	When faced with the challenge of the design optimization of a charged particle beam system involving beam-material interactions, a framework is needed that seamlessly integrate the following tasks: 1) high order accurate and efficient beam optics, 2) a suite of codes that model the atomic and nuclear interactions between the beam and matter, and 3) the option to run many different optimization strategies at the code language level with a variety of user-defined objectives. To this end, we developed a framework in COSY Infinity with these characteristics and which can be run in two modes: map mode and a hybrid map-Monte Carlo mode. The code, its applications to the FRIB, and plans involving large-scale computing will be presented.
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	Abstract
	  
	Automation of DC photoinjector designs using a genetic algorithm (GA) based optimization is an accepted practice in accelerator physics. Allowing the gun cavity field profile shape to be varied can extend the utility of this optimization methodology to superconducting and normal conducting radio frequency (SRF/RF) gun based injectors. Finding optimal field and cavity geometry configurations can provide guidance for cavity design choices and verify existing designs. We have considered two approaches for varying the electric field profile. The first is to determine the optimal field profile shape that should be used independent of the cavity geometry, and the other is to vary the geometry of the gun cavity structure to produce an optimal field profile. The first method can provide a theoretical optimal and can illuminate where possible gains can be made in field shaping. The second method can produce more realistically achievable designs that can be compared to existing designs. In this paper, we discuss the design and implementation for these two methods for generating field profiles for SRF/RF guns in a GA based injector optimization scheme and provide preliminary results.
	

	Auspices
	  
	Authored by JSA, LLC under U.S. DOE Contract DE-AC05-06OR23177. The U.S. Govt. retains a non-exclusive, paid-up, irrevocable, world-wide license to publish or reproduce this for U.S. Govt. purposes.
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	Abstract
	  
	Many measurements in particle and accelerator physics are limited by the time resolution. This includes particle identification via time-of-flight in major experiments like CDF at Fermilab, Atlas and CMS at the LHC. Large-scale systems could be significantly improved by large-area photo-detectors. The invention of a new method of making MCPs that promises to yield better resolution and be considerably less expensive than current techniques. Two different models for MCP simulations are suggested. Semi-analytical approach is a powerful tool for the design of static image amplifiers. Monte Carlo simulations can be successfully used for large area photo detectors with micron and Pico-second resolution range. Both approaches were implemented in the codes MCPS and MCS. The results of computer modeling are presented. References. 1. V.Ivanov, Z.Insepov, Pico-Second Workshop VII, The Development of Large-Area Pico-second Photo-Devices, Feb. 26-28, 2009; ANL. 2. V.Ivanov. The Code “Micro Channel Plate Simulator”, User’s Guide, Muons, Inc., 2009
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	Hyung Jin Kim, Tanaji Sen (Fermilab, Batavia, Illinois) 
	

	Abstract
	  
	The beam-beam simulation code (BBSIMC) is a incoherent multiparticle tracking code for modeling the nonlinear effects arising from beam-beam interactions and the compensation of them using an electromagnetic lens. It implements short range transverse and longitudinal wakefield, dipole noise to mimic emittance growth from gas scattering, beam transfer function, and wire compensation models. In this paper, we report on recent improvements of the BBSIMC including a beam-beam compensation model using a low energy electron beam and an interpolation scheme of beam-beam forces. Some applications are presented for the Relativistic Heavy Ion Collider (RHIC) electron lens.
	

	 
	

	
	
	
	


	THPsc023  

Control of electron beam parameters and machine settings with model independent global analysis

	
	  
	
	

	Presenter
	  
	Martin J. Lee (SLAC, Menlo Park, California)
	

	Authors
	  
	Martin J. Lee, Juhao Wu (SLAC, Menlo Park, California) 
	

	Abstract
	  
	An x-ray Free-Electron Laser (FEL) calls for a high brightness electron beam. Generically, such a beam needs to be accelerated to high energy on the GeV level and compressed down to tens of microns, if not a few microns. The very bright electron beam required for the FEL has to be stable and the high quality of the electron beam has to be preserved during the acceleration and bunch compression. With a newly developed model independent global optimizer [*], here we report study for the control and error diagnostics of such a generic machine: magnetic elements, and RF cavities, and the electron beam parameters: the peak current, centroid energy, and trajectory. Collective effects, such as coherent synchrotron radiation, space charge, and various wakefields are incorporated in a parametric approach. Applicability and verification are detailed for the LINAC Coherent Light Source, an x-ray FEL project being commissioned at SLAC.
	

	Footnotes
	  
	[*] M.J. Lee, SLAC Report in press (2009). 
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	Abstract
	  
	This work introduces a conformal finite difference time domain (CFDTD) particle-in-cell (PIC) method as implemented in VORPAL to accurately and efficiently study RF cavities. For illustration, an A6 magnetron cavity has been employed and the corresponding dispersion relation has been carried out. The accuracy of the CFDTD method is measured by comparing with SUPERFISH calculations based on finite element method in frequency domain. To verify the accuracy of the CFDTD simulations, a geometric model of this A6 magnetron cavity has been constructed in VORPAL and simulated with different mesh numbers as 10,000, 40,000, 90,000, 160,000, and 250,000 for three DM_FRAC values equal to 0.5 and 0.25, respectively. The results show that an accuracy of 99.4% can be achieved by using only 10,000 meshes with Dey-Mittra algorithm. By comparison, a mesh number of 250,000 need be used to preserve an accuracy of 99% in the conventional FDTD method. The simulation time of studying the interaction of particles with fields inside cavities can be dramatically reduced by using CFDTD PIC simulation without losing accuracy.
	

	Auspices
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	Abstract
	  
	We propose a technique to estimate the response time of large and distributed controls systems. This is based in a hierarchical decomposition of the system, named Product Breakdown Structure (PBS), and in a definition of which levels of the system need to exchange information. Considering each source of information with its own data rates and peculiarities, we can calculate the information flow and estimate the reaction time and the storage requirements of the system.
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	Abstract
	  
	In the paper the results are presented for calculation of the transverse wake and RF kick from the power and HOM couplers of the ILC acceleration structure. The RF kick was calculated by HFSS code while the wake was calculated by GdfidL. The calculation precision and convergence for both cases is discussed. The beam emittance dilution caused by the couplers is calculated for the main linac and bunch compressor of ILC.
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	Authors
	  
	Alberto Andrea Lutman (DEEI, Trieste), Juhao Wu (SLAC, Menlo Park, California) 
	

	Abstract
	  
	High-Gain Free Electron Laser (FEL) is perceived as one of the candidates for the fourth generation light source. Currently, some numerical simulation codes have been widely used for the existing FEL performance, and also for the design of future FEL project. Recently, we develop a Vlasov solver to study the FEL dynamics. This Vlasov solver solves the coupled Maxwell-Vlasov differential equations, and is capable to study the FEL amplifier and also the cascaded Harmonic Generation FEL. This Vlasov solver has been cross checked with existing numerical simulation code. In this paper, we report these research results for existing Self-Amplified Spontaneous Emission FEL and Seeded FEL.
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	Abstract
	  
	A single bunch instability caused by an electron cloud has been studied using analytical and semi-analytical methods with the wake field. The wake field in these cases was computed in the classical sense as excited electromagnetic field that transversally distorts those parts of the bunch trailing certain transversal offset in the leading part of the same bunch. The transversal wake force in this case is only depending on the longitudinal distance between the leading part of the bunch producing the wake force and the trailing parts of the bunch feeling the wake force. However during the passage of the bunch through the electron cloud the density of the electron cloud near the beam axis changes rapidly which does not allow the single variable approximation for the wake field. In this paper pursuing the idea of K. Ohmi we compute numerically the wake forces as two variable function of the position of the leading part of the bunch and the position of the bunch parts trailing the leading offset in the bunch.
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	Abstract
	  
	The optimisation of the electron beam dynamics in a linac driven FEL aims to produce an electorn beam with slice properties suitable for the targeted FEL operation. This process requires the analysis of complicated beam dynamics in the presence of CSR, wakefields, and space charge, and typically many configurations for the linac RF and bunch compressors have to be explored. Furthermore, various desirable FEL operating modes can have different requirements on the electron beam, and the optimisation is correspondingly different. We present here a numerical optimisation approach based on a genetic algorithm and the results of its application to the linac driver of the FEL of the New Light Source Project.
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	Abstract
	  
	ANKA is a synchrotron radiation source located in Karlsruhe, Germany. While the control system has always provided access to technical parameters, like power supply currents or RF frequency, direct access to physical parameters like tune or chromaticity has been missing. Thus the operator has to change and monitor the technical parameters manually and to calculate the physical parameters using separate tools. Therefore effort has been made to integrate the monitoring of physical parameters and simulation tools into the control system. At ANKA the MATLAB-based Accelerator Toolbox is used for simulation purposes, however the control system framework ("ACS") does not support MATLAB natively. For this reason, a software bridge has been created, which provides direct access to control system components from MATLAB. Thus operators can write their own MATLAB code simultaneously using simulation code and components from the control system. This system has already been used to automate measurements, thus allowing unattended long-term measurements, which have not been possible before. Future plans include creating a graphical user interface and various monitoring and stabilization loops.
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	Abstract
	  
	For the development of high energy and high duty cycle RFQs accurate particle dynamic simulation tools are important optimize designs especially in high current applications. To describe the external fields in RFQs the Poisson equation has to be solved taking the boundary conditions into account. In PteqHI this is now done by by using a finite difference method on a grid. This method will be described and simulation results will be compared to different RFQ particle dynamic codes.
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	Abstract
	  
	ALBA is a new synchrotron light source under construction in Barcelona, Spain. The lattice selected provided low emittance (under 4.5 nm-rad) with a large fraction of the lattice available for insertion devices, at a medium energy (3 GeV) and in a reduced circumference (268 m). All the magnetic elements are already measured and in the facility, with the storage ring under installation. The changes to the lattice when incorporating the data for the measured magnets respect the theoretical one are reviewed in this paper. The details of the simulation of the combined function dipole are studied in detail.
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	Abstract
	  
	ALBA is a new synchrotron light source under construction in Barcelona, Spain. The lattice selected provided low emittance (under 4.5 nm-rad) with a large fraction of the lattice available for insertion devices, at a medium energy (3 GeV) and in a reduced circumference (268 m). The mechanical installation of the booster is already finished and the one of the storage ring is under way. Commissioning of the full energy booster would start before the end of 2009 and the one of the storage ring in the Spring of 2010. The plans for the commissioning of both machines are preseneted, including the plans for high level software tools.
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	Abstract
	  
	The development process for new Superconducting RF (SRF) cavity designs is time consuming and expensive. The cost to manufacture physical prototypes is high and money and time is wasted if the design does not perform to expectations. Due to increasing computational power and the growing sophistication of electromagnetic simulation codes it is now possible to test cavity designs in a purely virtual environment before constructing physical prototypes. This includes modeling the cavities interaction with external structures like power and HOM couplers. We will present plans to expand on the VORPAL code to provide such capabilities as well as results from simulations used to measure cavity parameters relevant to the design process.
	

	 
	

	
	
	
	


	THPsc035  

Tracy#

	
	  
	
	

	Presenter
	  
	Hiroshi Nishimura (LBNL, Berkeley, California)
	

	Authors
	  
	Hiroshi Nishimura (LBNL, Berkeley, California) 
	

	Abstract
	  
	Tracy is an accelerator modeling and simulation code originally developed at LBNL in Pascal two decades ago*. Tracy evolved to Tracy2** which served as the basis for several derivative codes at other synchrotron light sources, including PSI, SSRL and Soleil. In most of these cases, the accelerator physics library was extracted and translated in C. At the ALS the library was re-written in C++ (Goemon***) in an object-oriented manner. Later this version was converted to C# with some effort spent on optimizing its performance****. Tracy# is the latest C# version upgraded to take advantage of the new features of the .NET Framework 3.5 and 4.0. It efficiently uses the modern language features of the C# and the standardized libraries of the .NET Framework for database, XML and networking. It also works with other .NET languages, such as IronPython and F# for interactive scripting. Although it is developed on Windows, MONO makes it portable to other operating systems including Linux.
	

	Footnotes
	  
	*H. Nishimura, EPAC 1988, 803 
**J.Bengtsson, E.Forest and H.Nishimura, "Tracy Users Manual", unpublished. 
***H. Nishimura, PAC 2001, 3006 
****H. Nishimura and T. Scarvie, EPAC 2006, 2263
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	Abstract
	  
	This research involves the development of a model of the small circumference (11.5 m) accelerator in which the earth’s field has a strong effect, and in which image charge forces are also included. The code used for this simulation was COSY Infinity 9.0 which uses differential algebras to determine high order map elements, as well as quantities such as chromaticity. COSY also uses Normal Form algorithms to determine the betatron tune and any amplitude dependent tune shifts which may result. The power of COSY is that it can derive the required quantities directly form the map without costly integration and tracking. Thus determining the map for both the default elements of the ring, plus the effects of image charge forces, and the earth’s magnetic field is both non-trivial, and important. This research uses the Baker Campbell Hausdorf method to determine the map of the ring with the external fields included. Furthermore COSY has the ability to directly implement misalignments within the beamline itself allowing for a study of their effects on beam dynamics. The presentation will include both coding development and applications to the University of Maryland Electron Ring.
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	Abstract
	  
	Since 1997 RIKEN Nishina center has been constructing a next-generation exotic beam facility, RI beam factory (RIBF), based on a powerful heavy ion driver accelerator . Its accelerator complex was successfully commissioned at the end of 2006 and started supplying heavy ion beams in 2007. The four ring cyclotrons (RRC, fRC, IRC and SRC) connected in series accelerate the energy of the heavy ion beams up to 400 MeV/u for the lighter ions such as argon and 345 MeV/u for heavier ions such as uranium. Intensity upgrade plans are under way, including the construction of a new 28 GHz superconducting ECR ion source. The new ECR will take all the succeeding accelerators and beam transport lines to a space charge dominant regime, which should be carefully reconsidered to avoid emittance growth due to space charge forces. Beam dynamics in the low energy cyclotron, RRC was studied by OPAL-cycl a flavor of the OPAL. The simulation results clearly show vortex motions in the isochronous field, resulting in round beam formation in the first 10 turns after the injection point. The possible increase of beam loss at beam extraction will be also discussed in this paper.
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	Abstract
	  
	This work presents the calculations of time-dependent electromagnetic space-charge fields for a perfectly conducting pipe with and without a cathode. The beam space- charge fields are computed from a time-dependent Green’s function method. In this method, the correct conductor boundary conditions are implemented such that the effects of image charges and image currents due to the cathode and cavity walls are included. In order to simulate the beam dynamics and electromagnetic space-charge effects, a new code IRPSS (Indiana Rf Photocathode Source Simulator), has been developed. The code is being extended to include important physic for beams with non-negligible transverse currents. This can be implemented to space-charge field calculations in high power microwave sources. Finally, we show how the code can be parallelized to reduce the computational time.
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	Abstract
	  
	Inverse cyclotrons, or stopping cyclotrons, are a promising way of cooling intense muon beams. Such devices have large acceptances and are significantly smaller and less complicated than currently devised muon cooling scenarios. The most challenging prospect of using inverse cyclotrons for intense muon beam cooling is the strength of space charge forces on the beam in the core of the cyclotron. Assuming a cloud of muons consistent in size and total charge with what would be needed for a muon collider, we simulated with the particle-in-cell code VORPAL a number of Penning Trap-style configurations for containing the muon bunch at the core of the cyclotron and then ejecting the bunch electrostatically. We also propose a novel trap design for energetic muons that provides the strongest trapping fields with reasonable field-strengths on the conductor surfaces.
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	Abstract
	  
	The MICHELLE code is a Finite-Element Electrostatic Particle in Cell (PIC) code for application to 2D and 3D particle beam formation, transport, and collection. MICHELLE’s ability to manage large particle counts and high resolution disparate spatial scale meshes has allowed it to be applied to designs that were previously challenging. Faster run times afforded by parallelization will make global design optimization efforts more tractable. MICHELLE includes steady state and time dependent electrostatic PIC models. Although a single parallel paradigm for both models is desired, preliminary studies indicate that it may not be an effective solution. Initial development efforts target the gun algorithm, where standard domain decomposition techniques for time-domain PIC simulations are not appropriate. This paper presents applications of the parallel steady state gun algorithm to such problems as electron guns and multi-stage depressed collectors. Typical depressed collector runtimes are dominated by the particle integration, while for gun designs it is more evenly balanced. The examples presented in the paper illustrate this difference and the scalability of the method.
	

	Auspices
	  
	Work supported by the Office of Naval Research and SAIC IR&D
	

	 
	

	
	
	
	

	THPsc041  

Set Code Development And Space Charge Studies On ISIS

	
	  
	
	

	Presenter
	  
	Ben Graeme Pine (STFC/RAL/ISIS, Chilton, Didcot, Oxon)
	

	Authors
	  
	Ben Graeme Pine, Dean Adams, Christopher Warsop, Robert Williamson (STFC/RAL/ISIS, Chilton, Didcot, Oxon) 
	

	Abstract
	  
	ISIS is the spallation neutron source at the Rutherford Appleton Laboratory in the UK. Presently, it runs at beam powers of ~0.2 MW, with upgrades in place to supply increased powers for the new Second Target Station. Studies are also under way for major upgrades in the megawatt regime. Underpinning this programme of operations and upgrades is a study of the high intensity effects that impose the limitations on beam power. Spallation is driven by a 50 Hz rapid cycling synchrotron, characterized by high space charge and fast ramping acceleration. High intensity effects are of particular importance as they drive beam loss, but are poorly understood analytically. This paper reviews development of the space charge charge code Set.
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	Abstract
	  
	Envisioned MW-class free-electron lasers based on energy recovery linac and other low energy electron accelerators for industrial applications often incorporate bends, e.g. to longitudinally compress the beam. In this low energy regime (typically 50-100 MeV), collective effects have a particularly strong influence on the system dynamics, requiring in particular a robust, high-accuracy computational CSR modeling capability. We compare and discuss the results of simulations using filter-based and newly designed adaptive approximation-based CSR algorithms. Our simulations use the Fermilab Test Accelerator facility photoinjector as a benchmark example.
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	Abstract
	  
	We present results of benchmarking of our recently developed capability for generating High-Order Mode (HOM) maps of RF cavity fields for use in simulations with particle tracking codes. We use VORPAL field data as a starting point, and follow the approach of [1] to produce the maps that are subsequently incorporated into the MaryLie/IMPACT (ML/I) suite of codes. For the fundamental and dipole modes, we conducted detailed comparisons between map-based ML/I simulations of on- and off-axis beam transport through a realistic RF cavity on one hand, and the results of direct 3D EM VORPAL simulations on the other. In addition to these benchmarking results, we present and discuss the results of applying the new 3D map capability to modeling the ILC crab cavity.
	

	Footnotes
	  
	[1] D.T. Abell, "Numerical computation of high-order transfer maps for 
rf cavities", Phys. Rev. ST Accel. Beams 9, 052001, (2006)
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	Abstract
	  
	Precise and fast 3D space-charge calculations for bunches of charged particles are still of growing importance in recent accelerator designs. A widespread approach is the particle-mesh method computing the potential of a bunch in the rest frame by means of Poisson's equation. Whereas an adaptive discretization of a bunch is often required for efficient space charge calculations in practice, such a technique is not implemented in many computer codes. For instance, the FFT Poisson solver that is often applied allows only an equidistant mesh. An adaptive discretization following the particle density is implemented in the GPT tracking code (General Particle Tracer, Pulsar Physics). The disadvantage of this approach is that jumps in the distribution of particles are not taken into account. In this paper we present a new approach to an adaptive discretization which is based on the multigrid technique. The goal is that the error estimator needed for the adaptive distribution of mesh lines can be calculated directly from the multigrid procedure. The algorithm will be investigated for several particle distributions and compared to that adaptive discretization method implemented in GPT.
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	Abstract
	  
	A team in the Institude of High Energy Physics,CAS of China has been studying the irradiation method, accelerators,gantries,etc. And a dedicated hospital facility-called Advanced Proton Therapy Faciliyt(APTF) is proposed,which consists of a linac injector and a slow-cycling synchrotron. For such a small ring but with special constraints on the work point, injection and extraction, a four-fold FODO configuration has been designed. The beam injection and accumulation are by the tradional multi-injection method. To find the best combination of parameters, extensive simulation of the injection process have been made ,and the injection efficiency has been studied as a function of number of turns and injection angle with respect to central orbit of the ring. It is considered that the injection method by stripping H- beam is also feasible. The slow extration using the third-order resonance and together with RF-KO method is considered to be a good method to obtain a beam spill being stable. The extraction design also meets the Hardt conditon to reduce the beam loss during the extraction. The two different extraction schemes with and without Hardt conditon has been simulated and compared.
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	Abstract
	  
	The use of a diffusion equation to quickly evolve a given distribution subjected to beam-beam kicks has been used in the past to estimate beam lifetimes. However this approach is limited to regions of phase-space where normal diffusion dominates. We explore the extraction of jump diffusion coefficients in those regions where the diffusion is anomalous and attempt to evolve a distribution using a jump diffusion equation.
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	Abstract
	  
	Similar to many other linear accelerators, the High Intensity Neutron Source requires an RFQ for initial acceleration and formation of the bunched beam structure. The RFQ design includes two main tasks: a) the beam dynamics design resulting in a vane tip modulation table for machining and b) the resonator electromagnetic design resulting in the final dimensions of the resonator. The focus of this paper is on the second task including simulating high power operation of RFQ. We report complete and detailed RF modeling on the HINS RFQ resonator using simulating codes CST Microwave Studio (MWS) and Ansoft High Frequency Structure Simulator (HFSS). All details of the resonator such as input and output radial matchers, the end cut-backs etc have been precisely determined. In the first time a full size RFQ model with modulated vane tips, the power couplers and all tuners installed has been built, and a complete simulation of RFQ tuning has been performed. Finally some aspects of high power operation of RFQ have been investigated. Comparison of the simulation results with experimental measurements demonstrated excellent agreement.
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	Abstract
	  
	Within the common programme on the analysis of collective instabilities at Diamond and SOLEIL, the numerical codes mbtrack and sbtrack have been extended to include a full description of the nonlinearities in the storage rings by means of the nonlinear one-turn map. We present the details of the map implementation and the recent results on the analysis of the effects of the nonlinear terms of the map on the collective instabilities at the two machines.
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	Abstract
	  
	Modern particle tracking codes with their parallel processing capabilities generate data files of the order of 100 Gigabytes. Thus they make very high demands on file formats and post-processing software. H5PartROOT is a versatile and powerful tool addressing this issue. Based on ROOT, CERN's object-oriented data analysis framework developed for the requirements of the LHC era, and the HDF5 hierarchical data format, supplemented by an accelerator-specific interface called H5Part, H5PartROOT combines the statistical and graphical capabilities of ROOT with the versatility and performance of the HDF5 technology suite to meet the needs of the accelerator community. Providing the user with both a graphical user interface (data browser) and a shared library to be used in an interactive or batch ROOT session, H5PartROOT passes on the full power of ROOT without presupposing any knowledge about the intricacies of either ROOT or C++.
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	Abstract
	  
	Use of SDDS, the Self-Describing Data Sets file protocol and toolkit, has been a great benefit to development of several accelerator simulation codes. However, the serial nature of SDDS was found to be a bottleneck for SDDS-compliant simulation programs such as parallel elegant. A parallel version of SDDS would be expected to yield significant dividends for runs involving large numbers of simulation particles. In this paper, we present a parallel interface for reading and writing SDDS files. This interface is derived from serial SDDS with minimal changes, but defines semantics for parallel access and is tailored for high performance. The underlying parallel IO is built on MPI-IO. The performance of parallel SDDS and parallel HDF5 are studied and compared. Our tests indicate better scalability of parallel SDDS compared to HDF5. We see significant I/O performance improvement with this parallel SDDS interface.
	

	Auspices
	  
	Work supported by the U.S. Department of Energy Office of Science, Office of Basic Energy Sciences, under Contract No. DE-AC02-06CH11357
	

	 
	

	
	
	
	

	THPsc051  

Modeling the NDCX-II Physics Design*

	
	  
	
	

	Presenter
	  
	William M. Sharp (LLNL, Livermore, California)
	

	Authors
	  
	William M. Sharp, Ronald Cohen, Alex Friedman, David P. Grote, Steven Mocko Lund (LLNL, Livermore, California), Matthaeus Leitner, Jean-Luc Vay, William Waldron (LBNL, Berkeley, California) 
	

	Abstract
	  
	The Virtual National Laboratory for Heavy-Ion Fusion is developing a physics design for NDCX-II, an experiment to study warm dense matter heated by ions near the Bragg-peak energy. Present plans call for using thirty-four induction cells to accelerate 30 nC of Li+ ions to more than 3 MeV. Neutralized drift-compression is then used to compress the beam to the sub-millimeter radius and 1-ns duration needed to attain useful target temperatures. A 1-D particle-in-cell simulation ASP has been used for developing the NDCX-II acceleration schedule, and centroid equations have recently been added to study errors in alignment and transverse focusing. Multidimensional simulations with Warp have validated the numerical models in ASP and have been used to study the beam injector, transverse solenoid focusing, and the effects of stray electrons. Recent results from this work are presented, and ongoing work to replace the analytic waveforms with output from circuit models is discussed.
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	Abstract
	  
	A development of a Python driving shell for the ORBIT simulation code is presented. The original ORBIT code uses the Super Code shell to organize accelerator related simulations. It is outdated, unsupported, and it is an obstacle for the future code development. A necessity of the replacement of the old shell language and consequences are discussed. A set of modules that are currently in the core of the pyORBIT code and extensions are presented. They include particle containers, parsers for MAD and SAD lattice files, a Python wrapper for MPI libraries, space charge calculators, TEAPOT trackers, and a laser stripping extension module.
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	Abstract
	  
	The development of advanced accelerators often requires the modeling of systems that involve a wide range of scales in space and/or time, which can render such modeling extremely challenging. The Adaptive Mesh Refinement technique can be used to significantly reduce the requirements for computer memory and the number of operations*. Its application to the fully self-consistent modeling of beams and plasmas is especially challenging, due to properties of the Vlasov-Maxwell system of equations. We present a summary of the main issues (e.g. spurious self-forces, wave reflections, numerical dispersion) and their mitigations, as well as examples of applications to the modeling of ion sources, electron cloud effects, beam neutralization and laser wakefield acceleration.
	

	Footnotes
	  
	*J.-L. Vay et al., Phys. Plasmas 11 (2004)
	

	Auspices
	  
	Supported by US-DOE Contracts DE-AC02-05CH11231 and DE-AC52-07NA27344, a DOD SBIR Phase II, and US-DOE SciDAC program ComPASS. Used resources of NERSC, supported by US-DOE Contract DE-AC02-05CH11231.
	

	 
	

	
	
	
	

	THPsc054  

Recent Progress on Parallel ELEGANT

	
	  
	
	

	Presenter
	  
	Yusong Wang (ANL, Argonne, Illinois)
	

	Authors
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	Abstract
	  
	The electron accelerator simulation software elegant is being parallelized in a multi-year effort. Recent developments include parallelization of input/output (I/O), frequency map analysis, and position-dependent momentum aperture determination. Parallel frequency map and momentum aperture analysis provide rapid turnaround for two important determinants of storage ring performance. Recent development of parallel Self-Describing Data Sets file (SDDS) I/O based on MPI-IO made it possible for parallel elegant (Pelegant) to take advantage of parallel I/O. Compared with previous versions of Pelegant with serial I/O, the new version not only enhances the I/O throughput with a good scalability, but also provides a feasible way to run simulations with a very large number of particles (e.g., 1 billion particles) by eliminating the memory bottleneck on the master with serial I/O. Another benefit of using parallel I/O is reducing the communication overhead significantly for the tracking of diagnostic optical elements, where the particle information has to be gathered to the master for serial I/O.
	

	Auspices
	  
	Work supported by the U.S. Department of Energy, Office of Science, Office of Basic Energy Sciences, under Contract No. DE-AC02-06CH11357.
	

	 
	

	
	
	
	

	THPsc055  

Self-Fields of a Bunch on a Planar Orbit: a Search for Improved Methods

	
	  
	
	

	Presenter
	  
	Robert Warnock (SLAC, Menlo Park, California)
	

	Authors
	  
	Robert Warnock (SLAC, Menlo Park, California) 
	

	Abstract
	  
	We consider a 2D bunch of N particles moving on arbitrary planar orbits. The mean field of the bunch is computed from Maxwell's equations in the lab frame with a smoothed charge/current density, using retarded potentials. The particles are tracked in the beam frame, using a transformation of densities from lab to beam frame. We seek improvements in speed and practicality in two directions: (a) choice of integration variables and quadrature rules in the potentials; and (b) methods of choosing particle distributions and finding smooth densities. For item (a) we compare a singularity-free formula with the retarded time as integration variable, which we used previously, with a formula based on Frenet-Serret coordinates. The latter suggests good approximations in different regions of the retardation distance, for instance a multipole expansion which could save both time and storage. For item (b) we compare various ideas from mathematical statistics and numerical analysis, e.g., quasi-random vs. pseudo-random sampling, Fourier vs. kernel smoothing, etc. Implementations in a parallel code that works for N up to 10^7 will be given, for a chicane bunch compressor.
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	Abstract
	  
	In a multi-bunch high current storage ring, beam generated fields couple strongly into the RF cavity coupler structure when beam arrival times are in resonance with cavity fields. In this study the integrated effect of beam fields over a several thousand RF periods is simulated for the complete cavity, coupler, window and waveguide system of the PEP-II B-factory storage ring collider. We show that the beam generated fields at frequencies corresponding to several bunch spacings for this case gives rise to high field strength near the ceramic window and could limit the performance of future high current storage rings such as PEP-X or Super B-factories.
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	Abstract
	  
	High current B-Factory BPM designs incorporate a button type electrode which introduces a small gap between the button and the beam chamber. For achievable currents and bunch lengths, simulations indicate that potentials can be induced in this gap which are comparable to the breakdown voltage. This study characterizes beam induced voltages in the existing PEP-II storage ring collider BPM as a function of bunch length and beam current.
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	Authors
	  
	Meiqin Xiao, David E. Johnson (Fermilab, Batavia) 
	

	Abstract
	  
	The Recycler is a fixed 8 GeV kinetic energy storage ring using permanent gradient magnets. A phase trombone straight section is used to control the tunes. For ProjectX , the H-particle extracted from the Linac will be striped and painted in the Recycler Ring and then the protons will be extracted into the Main injector. A long drifting space is needed to accommodate the injection chicane with stripping foils. In this paper, the existing FODO lattice in rr10 straight section being converted into doublet will be described. Due to this change, the phase trombone straight section has to be modified to bring the tunes to the nominal working point. On the other hand, a toy lattice of recycler ring is designed to simulate the end-shim effects of each permanent gradient magnet to add the flexibility to handle the tune shift to the lattice during the operation of 1.6E14 with KV distribution of the proton beam to give ~0.05 of space charge tune shift . The comparison or the combinations of the two modification ways for the Recycler ring lattice will be presented also in this paper.
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	Abstract
	  
	I present a new package for fast Truncated Power Series(TPS) calculation with no limit on the order and number of variables. This package has been used by PTC/FPP and integrated in MAD-X.
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	Abstract
	  
	The nonhomogeneous differential equation was investigated by means of a method of the influence functions for the problems of nonlinear beam dynamics. Formulas - a view of the influence function and the solution of the nonhomogeneous differencial equation are received for the potentials responsible for the nonhomogeneity in the investigated differential equation. The received analytical dependence of influence function has allowed us  to construct the compensation for nonlinear effects. Results for the considered application (the carbon medical accelerator) are given.
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	Abstract
	  
	It is well-known that a charged-particle beam is Coulomb crystallized in the low-temperature limit. The feasibility of beam crystallization has been raised by the recent progress in beam cooling techniques and in understanding of the behavior of crystalline beams. To go a step further, we explore the dynamic behaviors of crystalline ion beams extracted from a storage ring, employing the molecular dynamics simulation technique. The effect of an extraction device and the following transport line on various crystalline beams has been investigated for extraction and transport of crystalline beams without collapse of the ordered structure.
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