SLAC-PUB-7270August, 19961Design of the NLC Positron Source*H. Tang, P. Emma, G. Gross, A. Kulikov, Z. Li, R. Miller,L. Rinolfi�, J. Turner, and D. YeremianStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309AbstractThe design of the positron source for the Next Linear Collider (NLC) is presented.The key features of this design include accelerating positrons at an L-band frequency(1428 MHz) and using a rotating positron target with multi-stage differential pumping.Positron yield simulations show that the L-band design yields at the source 2.5 times thebeam intensity required at the interaction point and is easily upgradable to higherintensities required for the 1 TeV NLC upgrade. Multibunch beam loading compensationschemes in the positron capture and booster accelerators and the optics design of thepositron booster accelerator are described. For improved source efficiency, the designboasts two parallel positron vaults adequately shielded from each other such that oneserves as an on-line spare.Contributed to the 18th International Linac Conference (Linac 96)Geneva, Switzerland, August 26—30, 1996

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

21 IntroductionThe NLC is designed to collide a 90-bunch positronbeam with an identical electron beam with a bunch intensityas high as 1.25·1010 particles for each machine pulse [1,2].The beam pulse intensity requirement for the NLC representsmore than a 20-fold increase over its SLC counterpart! Whilethe SLC positron source [3], by virtue of its relative designsimplicity and its proven operational reliability, is used as adesign basis for NLC, significant changes are made to greatlyboost the positron beam intensity to meet the NLC needs. Inthis paper, we will first present a design overview, thenconcentrate on the important aspects of the design and reporton the progress made in the design since the writing of ourprevious paper [4].2 Design OverviewThe NLC positron source is of a conventional type basedon e– pair production from an electromagnetic shower createdin a thick, high-Z target upon bombardment by high energyelectrons. Three subsystems comprise the NLC source: adrive beam electron accelerator, a positron production andcollection system, and a positron booster linac. Table 1summarizes the important parameters of the NLC positronsource for both its phase-I design and its phase-II upgrade(500 GeV and 1 TeV center-of-mass energy, respectively).The drive beam accelerator uses S-band (2856 MHz) RFfor acceleration and has an injector consisting of a thermionicgun, two subharmonic and one S-band bunchers. Thepositrons are generated in a W75Re25 target, adiabaticallyphase-space transformed in a flux concentrator and a tapered-field solenoid, and captured in an L-band (1428 MHz)accelerator embedded inside a 0.5-T uniform-field solenoid.Acceleration of the positron beam to 2 GeV for emittancedamping occurs in an L-band booster accelerator with a densearray of quadrupole magnets providing transverse focusing.The L-band design for the NLC positron capture andbooster accelerators is the key to achieving the order ofmagnitude higher positron beam intensity over that of the SLCpositron source. By quadrupling the transverse phase spaceadmittance and boosting the longitudinal phase spaceadmittance as well, it not only immediately provides a >4-foldincrease in the positron capture efficiency, but ultimatelyensures the upgradability of the source to NLC-II intensities,with a large intensity safety margin.In operation, system reliability is always a critical issue.The reliability of the positron production and capture systemis particularly important since the high radiation levels inthese areas would prevent human access for prompt repair incase of hardware failure during a physics run. In addition toengineering the best possible reliability into each component,a most effective way to mitigate the reliability problem is tobuild redundancy into the system. In our proposal, two side-by-side positron vaults housing identical positron productionand capture systems that are adequately shielded from eachother will be built. If one system fails, we may immediatelyswitch over to the other to continue the run. In the meantime,we may wait for the radiation level in the vault with failedhardware to drop and then repair the failed component(s). Aslong as the mean time to fail exceeds the mean time to repair,which we hope will be the case based on the superiorreliability demonstrated by the SLC positron source, such aredundancy design will ensure excellent reliability.Table 1. NLC Positron Source ParametersParametersNLC-INLC-II

Drive Electron Beam:

Electron Energy (GeV)3.116.22

No. of bunches per pulse9090

Bunch Intensity1.5·10101.5·1010

Repetition rate (Hz)180120

Beam power (kW)121161

Beam s on target (mm)1.21.6

Pulse Energy Density r (GeV/mm2)4.6·10115.2·1011

Positron Target:

MaterialW75Re25W75Re25

Thickness (R.L.)44

Energy deposition (J/pulse)126188

Power deposition (kW)2323

Positron Collection:

Tapered field (T)1.21.2

Uniform field (T)0.50.5

Flux concentrator field (T)5.85.8

Flux concentrator minimum radius (mm)4.54.5

Accel. RF frequency (MHz)14281428

Accel. gradient (MV/m)2525

Minimum iris radius (mm)2020

Edge Emittance (m�rad)0.060.06

Collection efficiency (%)19%17%

Positron yield per electron1.42.1

Positron bunch Intensity2.1·10103.2·1010

3 Target EngineeringBy the nature of this design, the positron target thatserves the dual purposes of generating an electromagneticshower upon electron bombardment and inducing e– pairproduction must absorb a considerable amount of energy fromthe drive beam. The drive beam energy density must be keptbelow a critical threshold, which depends on the targetmaterial, or excessive single pulse beam heating may causethe target to fail. As in the SLC positron source, W75Re25 ischosen as the target material because of its high e– pairproduction efficiency and excellent thermo-mechanicalproperties. Target R&D at SLAC using 20—25 GeV drive

3electrons and 5—7 R.L. (radiation length) thick targets [5]established a failure threshold for W75Re25 due to single pulsebeam heating at

ρ^{max} = N_ E_

2πσ_2 =1×10_{12} GeV mm_2 ,

(1)where

N_

is the number of drive electrons per pulse,

E_

theenergy of the electrons, and

σ

the rms radius of the electronbeam. Thus, the rms beam radius at the target has beenchosen to be 1.2 mm for NLC-I and 1.6 mm for NLC-II,respectively, to keep the beam energy density per pulse about50% below this threshold.The W75Re 2 5 target, shaped into a ring with an outerradius of 25 cm and a radial thickness of 0.7 cm, will ber o t a t e d a t a f r e q u e n c y o f 2 H z . I n t h i s w a y , a r e a s o f s u c c e s s i v e b e a m p u l s e i m p a c t s o n t h e t a r g e t w i l l b e adequately separated and the target will be heated uniformly.Unlike other types of target motions such as trolling, therotating motion preserves the geometry of the target withrespect to the incident drive beam and the emerging e– beamsas well. Therefore, it is expected to eliminate positron beamintensity modulations that might be induced if the targetmotion is such that its geometry with respect to the beamchanges periodically, as in the SLC source. The target will becooled from the inner ring surface to which a silver or coppercasting containing stainless steel cooling tubes is brazed.With a cooling water flow rate of ~2 l/s and a velocity of ~10m/s, the steady state temperature of the target is estimated tobe ~400ßC for the cases of both NLC-I and NLC-II, which is arather comfortable temperature for W75Re25.The rotating motion along with the necessity to cool thetarget leads to a design in which the target is attached to ar o t a t i n g s h a f t t h a t p a s s e s f r o m v a c u u m w h e r e t h e t a r g e t resides to atmosphere where a driving motor is connected andcooling water is coupled in and out. The high radiation levelsnear the target precludes the use of conventional vacuum sealsmade of organic materials such as viton. Instead of pursuing avacuum-tight seal, we propose to use multi-stage differentialpumping along the length of the shaft with radiation resistantseals that limit conductance relying on tight clearances (<15m m) between sealing surfaces and long path lengths.Candidate seals include axial and radial face seals, axial andradial labyrinth seals, and magnetic face seals.Figure 1 depicts a conceptual design of the positrontarget system with three stages of differential pumping. Insuch a three-stage design, the first stage could use an oil-freedry scroll pump, the second and third stages could each use aturbomolecular pump backed by a dry scroll pump. If thepressure drops by three orders of magnitude after each stage,which we have reason to believe, then, such a design couldeasily realize the desired 10—7 Torr vacuum in the targetchamber. A test two-stage differential pumping system with arotating shaft will be built and experimented to prove thefeasibility of this design and also to select the best seals.4 Capture and Booster AcceleratorsThe capture accelerator is required to quickly acceleratethe positron beam to relativistic energies to minimizedebunching due to the initial huge energy spread. Aselectrons are also accelerated along with positrons, it alsomust be able to handle up to 14 A of multibunch beam loadingcurrent in the case of NLC-II. In our design, two 5-m detunedL-band (1428 MHz) structures with an average gradient of 25MV/m will be used for acceleration, and two 3-m L-bandstructures sandwiched in between will be used for beamloading compensation by operating off-frequency at 1428 –1.428 MHz (i.e., the DF method). Each of the accelerationand compensation structures will be driven by two 75-MW L-band klystrons with SLED-I pulse compression. The beamwill be focused by a long DC uniform-field solenoid with a0.5 T axial field that encloses all four structures.

E

Eβσ2πσ^2πσ^2