SLAC-PUB-6852May, 19951The NLC Positron Source*H. Tang, A. V. Kulikov, J. E. Clendenin, S. D. Ecklund, R. A. Miller, and A. D. YeremianStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USAAbstractA baseline design for the NLC positron source based on the existing SLC positronsystem is described. The proposed NLC source consists of a dedicated S-band electronaccelerator, a conventional positron production and capture system utilizing a high-Ztarget and an adiabatic matching device, and an L-band positron linac. The invarianttransverse acceptance of the capture system is 0.06 m�rad, ensuring an adequate positronbeam intensity for the NLC.Contributed to the 1995 Particle Accelerator Conference and International Conference onHigh-Energy AcceleratorsDallas, Texas, May 1—5, 1995

* Work supported by Department of Energy contract DE-AC03-76SF00515.

2I. INTRODUCTIONThe Next Linear Collider (NLC) proposed by SLAC[1] uses a pulsed multi-bunch positron beam with anintensity requirement that is over an order of magnitudegreater than the SLC design limit of 7·1010 positrons perbeam pulse. This presents the primary challenge indesigning the NLC positron source since a simple scale upof the SLC positron source would not be feasible due to theexcessively high beam energy that the target would have towithstand. Thus, a significant improvement in the positroncapture efficiency is essential in realizing the NLC source[2]. In this paper we present a baseline design that isreasonably conservative and uses only existingtechnologies. We use the SLC positron source [3] as thebasis for our design, as its design principles have been welltested in many years of SLC operation, and make necessarychanges to accommodate the significantly higher beamintensity requirement for the NLC. Table 1 lists theimportant parameters for the NLC positron source, alongwith the SLC positron source parameters for comparison.As in the SLC, the conventional technique ofproducing positrons by bombardment of a conversiontarget with high energy electrons will be used. Theproposed NLC positron source consists of three systems:an electron accelerator complete with a thermionic gun, anRF bunching system and a linac, a positron productiontarget and a capture system, and a positron linac. In whatfollows the designs for these systems that meet the NLC-IIspecifications will be discussed.Table 1. NLC and SLC Positron Source ParametersParametersSLC 94NLC-II

Electron Drive Beam

Electron Energy (GeV)30.006.22

No. of bunches per pulse175

Bunch Intensity3.5·10101.5·1010

Pulse Intensity3.5·1010113·1010

Beam Pulse Energy (J)1681120

Repetition Rate (Hz)120120

Beam Power (kW)20.2134

Beam s on target (mm)0.81.6

Pulse Energy Density r (GeV/mm2)5.22·10118.70·1011

Positron Collection

Wall Emittance (m�rad)0.010.06

Energy Cut (MeV)2020

Longitudinal Cut (psec)1560

Yield (No. of e+ s per e—)2.42.1

Bunch Intensity8.4·10103.2·1010

Pulse Intensity8.4·1010236·1010

II. ELECTRON ACCELERATORA thermionic gun and an RF bunching systemincorporating two subharmonic bunchers and a S-bandbuncher similar to those on the SLC injector are used togenerate an electron beam with the desired NLC timestructure. Then, the electron beam is accelerated in an S-band (2856 MHz) linac with damped-detuned structures [4]to an appropriate energy (3.11 GeV for NLC-I or 6.22 GeVfor NLC-II) for positron production. Beam loadingcompensation in the accelerator will be accomplished usingpairs of structures operated at 1 MHz above and below themain RF frequency, i.e., the so-called Df approach.III. POSITRON PRODUCTIONAND CAPTUREA. Positron Production TargetSince each electron beam pulse deposits a largeamount of energy in the target, the target must be movingwith respect to the beam position to avoid successive beampulses hitting the same spot on the target which woulddamage the target. For the NLC positron source, wepropose a rotating target design. While this designminimizes possible intensity modulation of the capturedpoisitron beam due to target motion, sealing of the targetchamber needs special consideration.For a moving target, target failure may still occur if theenergy density of the drive beam is so high such thatexcessive thermal stress is created due to instantaneous,localized beam heating from the impact of a single beampulse. By virtue of its good thermal and mechanicalproperties and its high Z characteristic, W75Re25 is chosento be the target material. Laboratory tests at SLAC [5]established an upper limit on the pulse energy density ofthe impinging electron beam atrmax = N— E— /(ps 2) = 2·1012 GeV/mm2,where N— is the number of electrons per pulse, E— theenergy of the incident electrons, and s the rms radius of theelectron beam at the target. Thus, we choose the electronbeam size at the target to be 1.6 mm, sufficient to keep theenergy density comfortably at 8.70·1011 GeV/mm2.Considerations of the drive beam power and targetcooling lead to a ring-shaped target design with an outerand inner diameter of 20 cm and 19 cm, respectively. Arotating frequency of 2 Hz should be adequate to allow forsufficient separation between successive pulse impacts onthe target. Cooling tubes will be located in a silver castingin close contact with the inner target ring surface tomaximize the rate of heat conduction from the target to thecooling tube walls. Cooling water flowing at a rate of 1.3 -

32.0 l/s will keep the steady-state temperature of the target ata safe level so as not to degrade the material properties.One of the key engineering issues is to vacuum sealthe rotating target shaft which must pass from atmosphereinto the target vacuum chamber where the vacuum is on theorder of 1·10—7 Torr. Our proposal is to use a combinationof radiation resistant conductance-limiting seals and severalstages of differential vacuum pumping along the length ofthe drive shaft. These seals rely on tight clearance (<10mm) between the shaft and seal surfaces and long pathlength (>> 1 cm) to limit vacuum conductance throughthem. A conceptual design of the NLC positron targetsystem shown in Fig. 1 calls for three stages of differentialpumping employing oil-free scroll and turbo pumps, whiletwo ion pumps maintain the vacuum in the target chamber.The drive shaft is supported by two sets of bearings, oneinside the target vacuum chamber and the other inatmosphere. Cooling water is coupled to tubingsembedded in the shaft via a mating unit surrounding theshaft employing radiation-resistant seals.

1 2

3 4 5

6 e^—

e^— e

e e^+

e^+