arXiv:physics/0008081 16 Aug 2000

A SUPER-CONDUCTING LINAC DRIVER FOR THE HFBR*J. Alessi, D. Raparia, A.G. Ruggiero, BNL, Po Box 5000, Upton, NY 11973, USA

* Work performed under the auspices of the US Department of EnergyThis on the feasibility of a (SCL) as a the Flux at The in to an 10 MW power. The is 1.0 GeV. average proton beam intensity in exit is 10 mA.A proton SCL has to an solid at the of the HFBR at BNL. The is to of HFBR instrumentation and facility for the of acontinuous, high-intensity neutron source.The SCL protons to 1 GeV, an of 10MWatt. The average beam current is 10 mA, the length about 300 m. The is of parts: aFront-End, that is a 15 mA ion by a MeV RFQ, a room the SCL This is of twosections: the Section (MES) thatprotons to 300 MeV, the Section (HES) that to 1 GeV. The A has the cost estimate. The has shown that is be built in a shortof has an total cost about 300 M$.2˚˚REQUIREMENTS OF THE DRIVERof the HFBR facility is a SCL about 300 m long with a straight-line The proton aims to the that is of the HFBR facility. The location of that not with other and utilities remains to be investigated.The SCL Proton Energy, MWatt Power, CW of Operation. Current at the exit of the SCL is 10 A has shown that the be in a short of has a total cost of about 300-400 M$. Awas the estimate, at the time of the of Tritium (APT) [2, The of the the HFBR similar to those of a atype of application [3]. The is of major parts, shown Figure 1: the a Section, the SCL proper, and the Transport to the Target. Figure 1. Layout of the 1-GeV, 10-MW SCLThe is of an Ion on aplatform at 35-50 kVolt. It has a continuous of 15 mA. It is by a 201.25-MHZ RFQ focus, bunch the to about 3-5 MeV.to be within the buckets of the Section which operates at 402.5 or 805 MHz. the low the stringent on the momentum not to play a role. As a no losses in the RFQ. A transmission the intensity the exit of the RFQ is 12 mA. allow overall transmission that is a 20% the of the through the rest of accelerator, all the way down to the Target. At the exit the SCL, and on the Target, the beam intensity is then 103 LINAC DESIGNIn a proton is a variation of velocity, in our from b 0.08 at 3 MeV to b =0.875 at 1 GeV. The Low-Energy section cannot be of cavities, exist operational. a of a DTL similar to

one as injector to the Alternating Synchrotron at BNL. shall also a 150 this section to the of the cavities in the part of SCL solutions of possible, they be in a more shall not attempt to say more about the Section, that likely the cost of both is in the 100 M$ (year 2000).Thus, the SCL proper begins at 150 MeV and ends at 1velocity is from b =0.5066 to b 0.8750. Since the length of the cells is L = /2, it in principle and 16.4 cm, with = 37.3 cm, the at 805MHz, the of the SCL. optimize the the transit it be to cavities cells varying in length as the This not be to cavities all with the same cell length. This simplifies the cost, at the of a of the transit time assume thatthe SCL is in two subsections two values of velocity. A MES, from 150 to 300 MeV, has the cavity cell lengthto the b 0.525. The from 300 MeV to 1 GeV, is with bThe layout of the SCL is in [2, 3]. For also the [5], a in is It is of aof consisting of a Insertion the location of focussing magnets, pumps, of a a number of cavities allwith the same number of cells. or cavities by a Klystrons, the rf power source.The of the SCL given in 1. Cost other our estimate shown in 2. The is in one cavity, 9.78 cm long, in the MES HES. also six eight cavities in one cryostat, by32 cm from other. The transitions both ends of the cryostat 30 cm long. With a long warm insertion, this makes a period 5.546 m long, respectively in the MES HES. To motion of the a FODO magnets is with a 3.6 MW10 MW12 mA10 mA150 MeV300 MeVFin. Kinetic Energy300 MeV1.0 GeV805 MHz805 MHzProtons / Bunch3.73 x 1083.10 x 1082.0 K2.0 KCells / Cavity44Cavities / Period68Cavity Separation32 cm32 cm30 cm30 cmCavity Int. Diameter10 cm10 cmLength of Warm Ins.1.00 m1.00 m7.382 MeV/m11.234 MeV/mCavities / Klystron68rf Couplers / Cavity11Rf Phase Angle30o30o90o90oNorm. rms Emitt.0.3 mm mrad0.3 mm mrad0.5 MeV0.5 MeValso a of cavities of 2 K. Klystron groups all cavities in one The of one Klystronis in 6 or 8 couplers, one cavity. saturation of the Klystrons, a 35% the At 2.0 KElectricity Cost$ / kWhLinac Availability75% of yearly timeNormal Cond. Cost150k$ / m500k$ / mTunnel Cost100k$ / mCost of Klystron$ / W of rf PowerCost of Refrig. Plant2k$ / W @ 2.0 KCost of Electrical Distr.$ / W of AC Power

Table 3. Summary of the 1.0-GeV SCL DesignEnergy: in out150 MeV300 MeV 300MeVVelocity, : in outCell Reference 0Cell Length, cmTotal No. of Periods1018Length of a period, mFODO ampl. func., , mTotal Length, mCoupler rf Power, kW (*)En. Gain/Period, MeV1540Total No. of Klystrons1018Klystron Power, kW (*)243540, ohm/m0 x 109Total rf Power, MW (*)AC Power for rf, MW (*)AC Power for Cryo., MWTotal AC Power, MW (*)Efficiency, % (*)4041Capital Cost �00 M$:Rf Klystron (*)Electr. Distr. (*)Refrig. PlantTotal Cost, �00 M$ (*)Oper. Cost, �00 M$/y (*)by making to one the Authors.[2] A. G. Ruggiero, on a Report August 1995.A.G. Ruggiero, as of the Amplifier�. UC-414 AGS/AD/97-1. October 1996.A Feasibility Study of the APT Linac. by K.C.D. Chan. April D. A.G. Ruggiero, to the Contribution