EUROnu WP2 Note 12-01

The SPL-based Neutrino Super Beam: final design report

C. Bobeth^b, O. Caretta^d, P. Cupial^a, T. Davenne^d, C. Densham^d, M. Dracos^b, M. Fitton^d, B. Lepers^b, A. Longhin^c, P. Loveridge^d, F. Osswald^b, M. Rooney^d, N. Vassilopoulos^b, A. Wroblewski^a, M. Zito^c

aCracow University of Technology, Cracow, Poland bIPHC, Université de Strasbourg, CNRS/IN2P3, F-67037 Strasbourg, France cIrfu, CEA-Saclay, 91191 Gif-sur-Yvette, France dSTFC Rutherford Appleton Laboratory, Didcot, UK

Abstract

The purpose of this note is to present the conceptual design of the target and horn for the SPL-based Super Beam. We first introduce the object of this study and give a rapid overview of the experimental setup. In the main part of this note we present the design of the target and horn.

Keywords: Super Beam, EUROnu, neutrino oscillations, target, horn

Preprint submitted to Elsevier February 9, 2012

Contents 1 Introduction 3 1.1 Overview of the target and collector . . . . . . . . . . . . . . . . 3 2 The SPL 7 3 The target 7 4 The horn 8 5 The target and horn integration 9 6 The target station, decay tunnel and beam dump 10 7 Studies of activation and shielding 11 8 Beam optimization, fluxes and sensitivity 12 9 Conclusions 13

1. Introduction

The EUROnu Super Beam work package studies the SPL (CERN) to MEM- PHYS (Fréjus) project, with a baseline of 130 km and a beam power of 4 MW. This note presents the preliminary design of the target and collector for this project. It is organized as follows. In this introduction, we present an overview of the target and collector. We then present the design of the target (Section 3), as well as two detailed studies on pion production (Section ??) and energy deposition (Section ??) in the target. We then describe the horn, a dynamical study in the case of a classical design (Section ??) and a study of the horn stresses in the case of a combined target and horn (Section ??).

For reference, the SPL parameters [1] used in this report are shown in Table 1.

Table 1: Parameters of the SPL [1]

Parameters unit SPL Energy [GeV] 4.5 Beam power [MW] 4.0 Repetition rate [Hz] 50 Average pulse current [mA] 40 Peak pulse current [mA] 64 Chopping ratio [%] 62 Beam Pulse length [ms] 0.6 Protons per pulse for PS2 [10^{14}] 1.5 Beam duty cycle [%] 2.0 Number of klystrons (LEP) 14 Number of klystrons (704 MHz) 57 Peak RF power [MW] 219 Average power consumption [MW] 38.5 Cryogenics av. power consumption [MW] 4.5 Cryogenic temperature [K] 2.0 Length [m] 534

1.1. Overview of the target and collector

In this section we briefly present the overall conceptual design of the target station and its interface with the proton driver.

The baseline design is here summarized:

Figure 1: Schematic layout of the neutrino beamline setup.

1. Each target is embedded within the bore of a conventional pulsed current magnetic horn inside a magnetic reflector.

2. In order to mitigate the combined technical challenges of cycling the horn at 50 Hz and of the radiation damage and heat load generated in the target material, a target station composed of 4 targets and collectors is proposed with a switchyard to cycle consecutive beam pulses on the one target/collector in sequence.

3. A static solid target is viewed as being technically achievable.

Points 2) and 3) require further explanation. With the 4-target system, each target would accept a 1 MW beam but the heat load generated would only be around 50 kW for each target in the case of a low Z material. This is a factor of two greater than the T2K Phase 1 target and around the same as is anticipated for a T2K upgrade, and seems a reasonable objective. In addition to reducing the technical challenges, the multi-target and horn solution will increase the lifetime of both the target and horn by at least the same ratio.

A schematic layout of the neutrino beam line system is shown in Fig. 1. while the target and the horn are schematically shown in Fig. 2. The parameters of the beam at the target are summarized in Table 2. The horn optimization procedure and the physics sensitivity are fully described in [2].

Table 2: Parameters of the SPL based Super Beam at the target.

Parameters unit value Energy [GeV] 4.5 Total Beam power [MW] 4.0 N of beam lines 4 Repetition rate (each beam) [Hz] 12.5 Pulse duration [μs] 5 Beam Gaussian width mm 4

Figure 2: Schematic layout of the Super Beam target and horn.

2. The SPL 3. The target

4. The horn

5. The target and horn integration

6. The target station, decay tunnel and beam dump

7. Studies of activation and shielding

8. Beam optimization, fluxes and sensitivity

9. Conclusions

In this report we have presented the preliminary design of the target and horn for the SPL based neutrino Super Beam. We propose a target station hosting four identical horns and targets. For the target we have considered a solid low Z ”pencil-shaped” device (for instance made out of Beryllium) and a pebble-bed system composed of Titanium spheres in a canister. The studies of these two designs are ongoing.

For the target and horn we have considered either a classical design or a combined system where the target is an integral part of the horn and serves as the inner conductor. The combined design is currently disfavored. Studies of the dynamic stresses have also been presented.

Acknowledgments

We acknowledge the financial support of the European Community under the European Commission Framework Programme 7 Design Study: EUROnu, Project Number 212372. The EC is not liable for any use that may be made of the information contained herein.

[1] O. Brunner et al, CERN-AB-2008-067. R. Garoby and F. Gerigk, CERN- AB-2007-016. F. Gerick (Ed), CERN-2006-006.

[2] A. Longhin ”A new design for the CERN-Fréjus neutrino Super Beam”, EUROnu-WP2-10-04

[3] ITER material properties handbook 1997.

[4] Ergun, S., ”Fluid Flow Through Packed Columns”, Chem. Eng. Progress, 48, 89- 94 (1952).

[5] E.Achenbach ”Heat Transfer and Pressure Drop of Pebble Beds up to High Reynolds Number” 7th International Heat Transfer Conference 1982 Munich Germany Shelfmark: 4276:093000

[6] Pugnat and Sievers ”A helium gas cooled stationary granular target” CERN NUFACT Note 121, 2003 J. Phys. G: Nucl. Part. Phys. 29 1797

[7] C. Bobeth, O. Caretta, P. Cupial, T. Davenne, C. Densham, M. Dracos, M. Fitton, M. Kozien, A. Longhin, P. Loveridge, F. Osswald, M. Rooney,

B. Skoczen, A. Wroblewski and M. Zito, “The proton driver for the neutrino Super Beam: status and issues,” EUROnu WP2 Note 09-11, http://www.euronu.org/.

[8] G. Battistoni, S. Muraro, P. R. Sala, F. Cerutti, A. Ferrari, S. Roesler, A. Fassò and J. Ranft, “The FLUKA code: Description and benchmarking,” AIP Conf. Proc. 896, 31 (2007);

A. Ferrari, P. R. Sala, A. Fassò and J. Ranft, “FLUKA: A multi-particle transport code (Program version 2005),” CERN-2005-010, SLAC-R-773, INFN- TC-05-11.

[9] C. Bobeth, G. Gaudiot and B. Lepers, “Water cooled solid target for high power neutrino SPL-Super Beam,” EUROnu-WP2-Note 10-XY.

[10] A. Ball et al. CERN-NUFACT-Note-42.

[11] S. Gilardoni, PhD Thesis, Université de Genève, 2004 (http://doc.cern.ch/archive/electronic/cern/preprints/thesis/thesis-2004- 046.pdf).

[12] J.E. Campagne CERN-NUFACT-Note-138.

[13] A. Cazes, PhD Thesis, Université Paris VI, 2004 (http://tel.ccsd.cnrs.fr/tel- 00008775/en/).

[14] A. Longhin, “A new design for the CERN Frejus neutrino Super Beam” EUROnu WP2-10-04.

[15] C. Bobeth and A. Longhin “Optimisation of hadron focusing for the SPL- Frejus Super Beam” EUROnu WP2-10-02, 2010.

[16] F. Incropera and D. Dewitt, “Fundamentals of heat and mass transfer,” School of mechanical engineering Purdue University, John Wiley and Sons, 1996, App A, p.827.

[17] PJ. Karditsas and MJ. Baptiste “Thermal and Structural Properties of Fusion related Material” http://www-ferp.ucsd.edu/LIB/PROPS/PANOS/be.html

[18] C. Bathias “There is no infinite fatigue life in metallic material” Laboratoire de mecanique de la rupture CNAM/ITMA.

[19] S. Gilardoni “Sudy of particle production and capture for a neutrino facto” CERN-thesis-2004-046

[20] FC. Grensing, D. Hashiguchi “Mechanical and thermal properties of Aluminium-Beryllium Alloy AM162” Brush Wellman Inc, technical report

[21] S. Gilardoni et al “Updating of short specification of a horn pulser system for a neutrino factor” CERN Nufact Note 129, 2003

[22] B. Lepers et al “Solid target cooling for high power neutrino SPL-Super Beam” EUROnu WP2 note 10-03, 2010.

[23] Holman J.P., Heat transfer, McGraw-Hill, New York, 1963

[24] Maugain J.M., Rangod S., and Voelker F., Study of a horn with a combined target for a neutrino factory, CERN-NUFACT Note 80.

[25] Cupial P., MiniBoone-like horn: dynamic response to magnetic and thermal pulses, EUROnu Annual Meeting, Rutherford Appleton Laboratory, January 2011.

[26] Wertelaers P., Magnetic pressure and mechanical considerations on a new design for the magnetic horn for the Gran Sasso neutrino beam, CERN- EP/99-135.

[27] Densham C.J., et al. Conceptual design study of the long baseline neutrino experiment (LBNE) target and beam window, STFC Rutherford Appleton Laboratory, November 2010.