arXiv:physics/0008080 16 Aug 2000

A SUPER-CONDUCTING LINAC INJECTOR FOR THE BNL-AGS*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 injector to Alternating Synchrotron of National The is in the of 1.5 to 2.4 GeV. The intensity is adjusted to an 4 MW at the top energy of 24 GeV. The repetition the SCL-AGS facility is 5 beam pulses per second.1 INTRODUCTIONIt has to the AGS complex to an proton of 4MW at the of 24 GeV. The facility be as a proton the of muon and neutrino beams, as a spallation neutron The of five an of the AGS In a the to the 5 proton pulses The major is an of the supply system. Atthe same time, a injector to the AGS, at the of 5 pulses is The injector of the of the will not be to fulfill the goals of the upgrade.The injector is a 1.5 - 2.4 with an average output beam power of 250 - 400 kW. is by the to control losses to stripping of the ions that multi-turn injection into the synchrotron. The is to be if one wants to of a sufficiently small size that fits the AGS The of the that is a by a RFQ, a that protons to 150 MeV, and the SCL proper. This in turn of sections, with its own The sections (LE), (MLE), (MHE), 2 THE NEW INJECTORThe two 1. AGS multi-turn injection of 0.17 mA, that 4 MW at the top of 24 GeV. The repetition of 5 pulses is in both that gives the intensity of 2.1 x 10 protons AGS that is a of 3 higher then the intensity obtained with the present injector. At the end of that takes about 317-330 turns, the depression is = 0.4 at the of 1.5 GeV, 0.2 at 2.4 GeV, assuming a bunching (the to the part of the of 4. Also, with the the is smaller at 2.4 GeV, 73 versus 104 at 1.5 GeV. the of the AGS at injection is to The of the is of an ion operating with a 1% at the repetition of 5within a pulse is 60The ion seats on aplatform at 35-60 kVolt, is by a RFQ that works at 201.25 MHz. The is a the ion the RFQ. The chopping 75% of length, at a matching the (4.11-4.28 at injection into the AGS. the transmission through the RFQ is to be 80%, so that the the beam pulse in the Linac, assume no beam loss, is 36 mA.The combination of the of the RFQ the with a sufficiently small extension so that of the entirely in the buckets of following DTL that operates at either 402.5 or 805 MHz.The DTL is a room that

Linac Aver. Power, MWbMomentum, GeV/cMagnetic Rigidity, T-mRevolution Period, �sProtons per Turn, x 10317330Beam Pulse Length, msDuty Cycle, %Emittance, p mm-mradSpace-Charge Dn3 THE SUPER-CONDUCTING LINAC1.5 or 2.4 GeV. The the of the SCL is in in [2]. It typically a of a number of shown in Figure 1. Each period is of a of length of an insertion of length . insertion is the of pumps, magnets, be room or in a as well. assume that the insertions at room cavities, of Nidentical cells, and each having a length , is the length of a cell. Cavities from dLw may internally on both of the = MN L + ( 1) d + 2 (1)two symmetric intervals: a minor the two points A B, as shown Figure 1, that is the interval of a cavity of length +dthe two points C length +Lins. Thus, the topology of a period can be represented as aof length , by cavity intervals, ag = + ( d ) / 2 (2)The of with and with the same cavity/cell configuration, is is, a penalty to the acavity cells, with length to acommon b0 that not to instantaneous velocity. To minimize this the SCL is in sections, a , with configuration. The cell length in a section = / 2 (3) is the assume the of 805 MHz the SCL, that l = 37.24 cm.The major of the sections of the are given in Tables 2 4. focussing is with a of FODO cells with that of a The cell is . rms is 0.3 The rms bunch area is 0.5 oMeV. The . The cost estimate (with no section of the SCL has assuming the cost rf parameters shown in Table 3. The total cost 300 M$, also the The length of the on the The local has a value that is limited by The limit at the frequency of the 805 MHz is 26 MV/m. For arealistic cavity shape, we set a limit of a 13 MV/m on axial is a limit on the by that not to 400 kW, a of 50% to saturation To the longitudinal stable, we can only apply an gain that is a small of the exit of the The stability The of is to section of the SCL with the same rf input power per module. This will result to some variation of the axial from one to the next. a constant of the axial this Period Cryo-Module d D B Topology of a Period g ABDFigure˚1: Configuration of a Proton SCL Accelerator.

The number of cells cavities from insertionto insertion. The number of 1 to The total length of the injector including the the DTL is expected to be about 500 meters.It is to the SCL in two During the first stage the final energy if 1.5 GeV, Linac is made of the three first sections. In a the section is the final 2.4 GeV, if indeed this should result to be necessary.Table 2. General Parameters of the SCLLinac SectionLEHEAv. Beam Power, kWAv. Beam Current, mAIn. Kin. Energy, GeVFin. Kin. Energy, GeVFrequency, MHzProtons / Bunch x 109Temperature, oKCells / Cavity4444Cavities / Cryo-Module4888Cavity Separation, cmCold-Warm Trans., cmCavity Int. Diam., cmLength of Warm Ins., mAcc. Gradient, MeV/mCavities / Klystron4844rf Couplers / Cavity1122ion stripping transport the has been found to be very negligible. But a final 30o before injection into the AGS, be of a To control the of loss by stripping to a 10-4kGauss m, in the 1.5 At 2.4 GeV, the is 1.9 kGauss, the integrated bending length about 30 m.AC-to-rf EfficiencyFor pulsed modeCryo. EfficiencyAt 2.0 KElectricity Cost$ / kWhLinac Availability% of yearly timeNormal Cond. Costk$ / mSuperconducting Costk$ / mTunnel Costk$ / mCost of KlystronCost of Refrig. Plant2k$ / W @ 2.0 KCost of Elect. Distrib.problems in the of the of of the SCL. First, that deform the cavity cells out of They with a thick cavity wall to by supports. is an period of time to fill the cavities with maximum is [2]. During the time, is also the injected into the Linac. The extra amount of is ratio of the filling time to the beam pulse length.Table 4. Summary of the SCL DesignLinac SectionLEHEEnergy: inVelocity, : inCell Reference 0Cell Length, cmTotal No. of Periods9Length of a period, mFODO ampl. func., , mTotal Length, mCoupler rf Power, kW (*)En. Gain/Period, MeVTotal No. of Klystrons9Klystron Power, kW (*)Cavity Filling Time, ms Q0 x 109Ave. Dissip. Power, kWAve. HOM-Power, kWAve. Cryog. Power, kWAve. Beam Power, MWAve. rf Power, MW (*)AC Power for Cryo., MWAC Power, MW (*)Efficiency, % (*)Capital Cost �00 M$:Rf Klystron (*)Electr. Distr. (*)Refrig. PlantCold StructureCost, �00 M$ (*)Operat, �00 M$/y (*)I. A.G. Ruggiero, �Running the AGSMMPS at 5 Hz, 24 Report January 21, 2000.[2] A. G. Ruggiero, on a Report August 1995.A. G. Ruggiero, Injection by at 2.4 Report September 1995.by making to one the Authors.