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1. CARE-Pub-04-001 – PRSTAB vol. 7, 064202 (2004).
Beam halo in high-intensity hadron accelerators caused by statistical gradient errors 

F. Gerigk (RAL)

The particle-core model for a continuous cylindrical beam is used to describe the motion of single particles oscillating in a uniform linear focusing channel. Using a random variation of the focusing forces, the model is deployed as proof-of-principle for the occurrence of large single particle radii without the presence of initial mismatch of the beam core. Multi-particle simulations of a periodic 3D transport channel are then used to qualify and quantify the e®ects in a realistic accelerator lattice.

CARE CONFERENCE PAPERS 

1. CARE-Conf-04-002-HIPPI  - EPAC04, Luzern.

A new 180 MeV H- Linac for upgrades of ISIS

F. Gerigk (RAL)

Several options have been studied to raise the beam power of the ISIS spallation neutron source to a level of 1 MW with the possibility of going to 4-5 MW in the longer term. All scenarios can operate in 2 modes, where the beam power is either delivered to a spallation target or, alternatively, to a target suitable to produce muons via pion decay for a neutrino factory. A more recent upgrade option takes an intermediate step and uses a 180 MeV H- linac, which is also foreseen for the 4-5 MW upgrade, as a replacement for the current 70 MeV injector. First estimates indicate that, due to the lower space charge forces, the ring would be able to carry twice as many particles, thus doubling the final beam power to 0.5 MW. This paper presents a first design for the 180 MeV linac, using a triple frequency jump from 234.8 to 704.4 MHz. The design profits from the development of 704.4 MHz cavities and RF equipment within the framework of the European HIPPI collaboration. The low frequency for the front-end was chosen to ease the DTL design as well as the development of a low energy beam chopper, which will be necessary to reduce beam losses at injection into the synchrotron.

2. CARE-Conf-04-004-HIPPI - EPAC04, Luzern.

Triple-spoke Cavities in FZJ 

E. Zaplatin, W. Braeutigam, R. Maier, R. Stassen, R. Tölle (FZJ/IKP, Jülich), M. Pap, M. Skrobucha (FZJ, Julich)

We report the situation with superconducting triple-spoke cavity activities at the research center in Juelich (FZJ). The Nb prototype of the 760 MHz, β=0.2 cavity is already in fabrication and should be tested this year. This work has been initiated for the European Spallation Source project. In the frames of the new European project of High Intensity Pulsed Proton Injector (HIPPI) the 352 MHz, β=0.48 cavity is under developments. This cavity should be designed, built and tested in the Lab within next few years.

3. CARE-Conf-04-003-HIPPI - EPAC04, Luzern

Space Charge Problem in Low Energy Super-conducting Accelerator

N. Vasyukhin, Y. Senichev (FZJ/IKP, Jülich)

At present the super-conducting option of linear accelerators is considered for low energy, and new types of RF cavities are considered for this purpose. However, together with electrodynamics problems we should solve the transverse stability problem, since in structures with external focusing elements the focusing period is longer, and in higher accelerating field the defocusing factor increases as well. In this paper we consider the transverse stability problem, taking into account the non-linear space charge problem. The fundamental mechanism of halo creation in super-conducting linear accelerators is investigated to minimize the particle losses. The theoretical results are supported by numerical simulation.

4. CARE-Conf-04-007-HIPPI - EPAC04, Luzern 

The CERN-SPL Chopper Concept and Final Layout

F. Caspers, Y. Cuvet, J. Genest, M. Haase, M. Paoluzzi, A. Teixeira (CERN)
The fast chopper for the CERN SPL (Superconducting Proton Linac) consists of a double meander structure with  = v/c of 8 % printed on an alumina substrate for the deflecting plates. Each chopper unit is 50 cm long and housed in a quadrupole magnet surrounding the vacuum chamber. The deflecting plates are operated simultaneously in a dual mode, namely traveling wave mode for frequencies above about 10 MHz and as quasi electrostatic deflectors below. The deflecting structures are water-cooled to handle heating from beam losses as well as from the deflecting signal. A detailed mechanical layout is presented including the tri-axial feeding and termination technique as well as a discussion of the drive amplifier.
5. EPAC04, Luzern

A Space Charge Algorithm for Ellipsoidal Bunches with Arbitrary Beam Size and Particle Distribution

A. Orzhekhovskaya, G. Franchetti, GSI,
We propose an universal and precise method of electric field calculation in the case of an ellipsoidal bunch. The distribution function is fitted by the polynom of a certain degree and further calculations are made for this polynomial expansion. In the case of axisymmetric bunches the analytic solution is derived. Tests illustrate the high accuracy of this method.

6. EPAC04, Luzern

A fast beam chopper for next generation high power proton drivers

M. A. Clarke-Gayther, RAL
A description is given of refinements to the beam line design of a ‘Tandem’ chopper system, developed to address the requirements of the European Spallation Source (ESS). Particle tracking using the ‘General Particle Tracer’ (GPT) code has enabled efficient optimisation of beam apertures, and the analysis of beam power density distributions on chopper beam dumps. Preliminary results of ‘proof of principle’ testing on a prototype fast high voltage pulse generator are presented.
7. LINAC04

Development of Superconducting and Room Temperature CH Structures.

H. Podlech, H. Deitinghoff, H. Klein, H. Liebermann, U. Ratzinger, A. Sauer, R. Tiede (IAP, Frankfurt-am-Main), Z. Li (GSI, Darmstadt; IMP, Lanzhou)

H-mode cavities (IH-DTL, IH-RFQ, 4-Vane-RFQ) have been developed and operated successfully during the last decades for a large variety of applications in ion acceleration. At the IAP Frankfurt a new type of H-mode cavity, the CH structure is under development. This multi cell drift tube cavity is operated in the H21 mode. Due to its mechanical stability, room temperature as well as superconducting cavities can be realized. The CH-structure is an excellent candidate for high power ion accelerators in the energy range from 5 to 100 MeV. The design status of the GSI 70 MeV, 70 mA proton injector DTL consisting of room temperature CH-structures is reported. Superconducting CH-structures can be used especially for cw operated linacs as designed for XADS, IFMIF or in nuclear physics projects. By using the KONUS beam dynamics and performing the particle simulations with the LORASR code it is possible to realize multi cell cavities without internal focusing lenses. A superconducting 352 MHz CH-structure (beta=0.1) with 19 gaps has been built. We present the results of the first tests with this new cavity. The status of a PC version of the LORASR code will be reported.

8. LINAC04

KONUS Beam Dynamics Design of a 70 mA, 70 MeV Proton CH-DTL for SIS18 at GSI.

R. Tiede, H. Podlech, U. Ratzinger (IAP, Frankfurt-am-Main), W. Barth, L. Groening (GSI, Darmstadt), Z. Li (IMP, Lanzhou)

The future scientific program at GSI needs a dedicated proton injector into the synchrotron SIS18, in order to increase the proton intensity of the existing UNILAC/SIS18 combination by a factor of 70, resulting in 7x1012 protons in the synchrotron. A compact and low-priced RFQ - CH-DTL combination based on the novel CH-DTL is developed. For DTL's operated in an H-mode like CH-cavities (H210-mode), the shunt impedance is optimized by use of the KONUS beam dynamics. Beam dynamics simulation results of the CH-DTL section, covering the energy range from 3 to 70 MeV, with emphasis on the low energy front end are presented. Optimization aims are the reduction of emittance growth, of beam losses and of capital costs, by making use of the high acceleration gradients and shunt impedance values provided by the Crossbar H-Type (CH) structure. In addition, the beam dynamics design of the overall DTL layout has to be matched to the power limits of the standard 352 MHz, 1.3 MW klystron as used for the CERN LEP. The aim is to power each cavity by one klystron.

9. LINAC04

Design of the R.T. CH-Cavity and Perspectives for a New GSI Proton Linac

Z. Li (IMP, Lanzhou), W. Barth, L. Groening (GSI, Darmstadt), H. Podlech, U. Ratzinger, R. Tiede (IAP, Frankfurt)

The CH-Structure has been studied at the IAP Frankfurt and at GSI for several years. Compared with the IH structure(H110-mode), the CH structure(H210-mode) can work at higher frequency (700 MHz) and can accelerate ions to higher energy (up to 150AMeV). Detailed Microwave Studio (MWS) simulations were performed for this structure. Since a multi-gap cavity can be approximated as a quasi-periodic structure, it is possible to analyze one βλ/2-cell at an energy corresponding to the cavity center. Additionally, a reduced copper conductivity of 85% was assumed. Geometry variations with respect to rf frequency and shunt impedance can be performed rapidly by that method in the first stage of optimization. Effective shunt impedances from 100M./m down to 25M./m were obtained for the energy range from 5 AMeV to 150 AMeV by this method. The rf frequency was 350 MHz up to 70 MeV and 700 MHz above. A systematic analysis of the influence of the cell number in long CH cavities on the effective shunt impedance is presented. The possibility to apply this structure to a 70 mA, 70 MeV, 352 MHz proton linac for GSI is discussed.

10. LINAC04

Beam Dynamics for a new 160 MeV H- Linac at CERN (Linac4).

F. Gerigk, RAL, E. Benedico Mora, A. Lombardi, E. Sargsyan, M. Vretenar, CERN

Linac4 is a normal conducting H- linac proposed at CERN to provide a higher proton flux to the CERN accelerator chain. It should replace the existing Linac2 as injector for the PS Booster. The same machine can also operate in the future as the front end of the SPL, a 2.2 GeV superconducting linac with 1.8 mA average current. At present the test set-up for LINAC4 consists of a Radio Frequency Quadrupole (RFQ), a chopper line, a Drift  Tube Linac (DTL) and Cell Coupled DTL (CCDTL) operating at 352.2 MHz and finally a Side Coupled Linac (SCL) at 702.2 MHz.  This paper discusses the overall beam dynamics concept, present the optics chosen for the different sections of the machine and compares end-to-end simulations realised with two tracking codes (PATH and IMPACT). Estimates of beam loss due to various error sources are presented, and the challenging features of the present design are highlighted.

11. LINAC04

Design of Linac4, a new Injector for the CERN Booster

R. Garoby, K. Hanke, A. Lombardi, C. Rossi, M. Vretenar, CERN, F. Gerigk, RAL

A new H( linac (Linac4) is presently under study at CERN. This accelerator, based on normal conducting structures at 352 and 704 MHZ, will provide a 40 mA 160MeV H( beam to the CERN booster, thus overcoming the present space-charge bottleneck at injection with a 50 MeV proton beam. Linac4 is conceived as the first stage of a future 2.2 GeV superconducting linac (SPL) and it is therefore designed for a higher duty cycle than required for injection in the booster. This paper discusses the design choices, presents the layout of the facility and illustrates the advantages for the LHC and other CERN users. An R&D and construction strategy mainly relying upon international collaborations is also presented.

12. LINAC04

The SPL Front End: A 3 MeV H- Test Stand at CERN

L.Bruno, F.Caspers, R.Garoby, J.Genest, K.Hanke, M.Hori, A.Lombardi, M.Magistris, A.Millich, M.Paoluzzi, C.Rossi, M.Silari, M.Vretenar (CERN), P.-Y.Beauvais (CEA), P.Ausset (CNRS)

In the frame of the SPL (Superconducting Proton Linac) study at CERN, a new 160 MeV proton injector for the CERN PS Booster is presently under development. This linear accelerator (Linac4) would not only be a first step towards a future, multi-MW superconducting linac, but would also improve in the medium term both the beam availability and beam quality for CERN’s proton users. Within the framework of the Linac 4 study and with the support of the EU funded Joint Research Activity HIPPI*), a 3 MeV test stand is under construction at CERN. This test stand will explore some of the most critical issues of the linac, such as the beam dynamics at low energy, with special emphasis on the Chopper line that has been designed to generate the required time structure of the beam, to clean the beam halo, and to match it to the subsequent RF structures. In this context, a new Beam Shape and Halo Monitor is under construction. The beam acceleration will be performed by an RFQ that is being developed in France within the IPHI collaboration between CEA and CNRS. Moreover, the test stand will be equipped with an additional 1 MW RF klystron to test different RF structures that are being designed at 352 MHz as preliminary studies for the Linac4.

13. LINAC04

Development of a 352 MHz Cell-Coupled Drift Tube Linac Prototype

Y. Cuvet, J. Genest, C. Völlinger, M. Vretenar, CERN

F. Gerigk, RAL

At linac energies above 40 MeV, alternative structures to the conventional Drift Tube Linac can be used to increase efficiency and to simplify construction and alignment. In the frame of the R&D activities for the CERN SPL and Linac4, a prototype of Cell-Coupled Drift Tube Linac (CCDTL) at 352 MHz has been designed and built. This particular CCDTL concept is intended to cover the energy range from 40 to 90 MeV and consists of modules of ~5 m length made of 3 or 4-gap DTL tanks linked by coupling cells. The focusing quadrupoles are placed between tanks, and are aligned independently from the RF structure. The CCDTL prototype consists of two half tanks connected by a coupling cell and requires an RF power of 120 kW to achieve the design gradient. RF tests will be made at low and high power, the latter up to a 20% duty cycle. This paper introduces the main features of this CCDTL design, describes the RF and mechanical design of the prototype and presents the first measurement results.

14. LINAC04

A Dedicated 70 MeV Proton Linac for the Antiproton Physics Program of the Future Facility for Ion and Antiproton Research at Darmstadt

L. Groening, W. Barth, L. Dahl, R. Hollinger, P.S. Spädtke, S. Yaramishev, GSI 

B.H. Hofmann, Z. Li, U. Ratzinger, A. Schempp, R. Tiede, IAP
The antiproton physics program of the future International Accelerator Facility at Darmstadt is based on a rate of 7·1010 cooled antiprotons per hour. To provide the primary proton intensities a proton linac is planned, which will be operated independently from the existing UNILAC for heavy ions. The proposed linac comprises a proton source, a RFQ, and a DTL. Its operation frequency of 352 MHz allows for an efficient acceleration to up to 70 MeV using normal conducting Crossed-bar H-cavities. These CH-cavities show high shunt impedances as known from IH-structures, but allow for much higher relative particle velocities of up to 40%. The beam pulses with a length of 25 µs, a current of 70 mA, and total transverse emittances of 7 µm will allow to fill the existing synchrotron SIS within one multi-turn-injection up to its space charge limit of 7·1012 protons. The maximum SIS ramping rate limits the applied proton linac repetition rate to 5 Hz. This paper gives an overview of the proposed proton linac. The status of the design including beam dynamic studies will be reported.

15. LINAC04

Investigation of the Beam Matching to the GSI-Alvarez DTL under Space Charge Conditions

S. Yaramishev, W. Barth, L. Dahl, L. Groening, S. Richter, GSI

The UNILAC consists of the 36 MHz high current RFQ/IH-injector, a gas stripper section at an energy of 1.4 MeV/u and a 108 MHz Alvarez poststripper, accelerating all ions up to of 11.4 MeV/u. The design beam current for U28+ is 12.6 emA at full energy. After the stripping process the electrical beam current is increased by a factor of 7 for uranium. This leads to a significant beam emittance growth during the transport through the charge state separator and the matching section to the Alvarez DTL. The paper reports results of beam experiments focused on the matching of the high intensity beams to the Alvarez for different ion species. Measured data are compared with the results of beam dynamics simulations. Possible improvements of the transverse focusing in the Alvarez linac are discussed and the total impact to the beam quality at the synchrotron injection is evaluated.

(16. LINAC04) – under approval

Space Charge Compensation in Low-Energy Proton Beams

A. BenIsmaïl#, R. Duperrier, D. Uriot, CEA Saclay, N. Pichoff, CEA
HIPPI NOTES 

1. CARE/HIPPI-Document-04-001 (CERN EDMS)

Conceptual Design and Radiological Issues of a Dump for the 3 MeV Test Facility

L. Bruno, M. Magistris, M. Silari, EDMS Id 444103,  Ext. Ref. CERN-SC-2004-008-RP-TN.

