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, A_=_a-C_ Designed beam parameters for the tmt_l phaee of the
The first phase of a high cuzrent_ short bunch length AWA sre:

, electron beam research facility, the AWA_ is near

completion at Argonne, At the heartofthefacilityisa Drive beam: energy 20 MeV
photocathode l_a_ed e|ec_n gun and acc.elera_ing charge ._I00 nC

settlers designed to deliver 20 MeV pulses with up to pudse length(_w) - 20 ps
100 nC per pulse and with p_d_e lengths of rap. rate s; 30 ppe
approximately 15 ps (fw). Using a tech_que similar to emittance (ras) - 300 mm-rated
that or/g_nat4_l al; Argonne's A,ATF facility, a _eparet,e
weak probe pu_lae can be generated and used to diagnose Witness: energy - 4 MeV
wake effect= produced by the intense pulses. Initial pulse length(fw)- 10 ps
planned experimen= include studies of plasma charge _ I nC
wmkefields and dielectric wakefield devices, and expect to emittance (small)
demonatrat_ large, useful acceleratinggradients

( > I00 MeV/m). Lair phasesof,hefacilitywillincrease Instrumentationforexperimentsincludesaspectrometer
the drivebunch enerll7tomore the,n 100 MeV toenable (O.1% 81Ypresolutionand angulardeflection- Imrad),
acceleration exL_men_ up to the C,eV range, and a streakcamera.
Sl:_cifications, design details, and commissioning
pro,gres_ are presented. 2 EQU]PME_ DESCRIPTION

I II_FRODUCTION The princ/pa] designchallengeand hear_ofthe facility
i,tl_egenerationand accelerationof the 100 nC short

P_rnongthe variou__chemes proposedin,scan,yearsfor bunches which form the drivebeam. The adopted
_ Ddgh g_'addentacceleration(I00 MeVlm and higher), solutionuses a photocathodebased rf gun employing

'wakefield t_unolo_7 is perhap_ one of the mo_t severalspecialtechniquesfollowedbybeam loadtolerant

sta-aight£or_ard. Numerous experiments performed linac sections. Componen_ of t_te facility are indicated
using ANL's AATIF facilityhave confirmedthevalidityof inF_guroI.The actualfacilityisinstalledirta shielded

many wakefield concepts in s_u_,_res, plasma, and enclosure inside an existing hi-bay building managed by
di_!_a'ic loaded wa_e guideL ANL's High Energy' Physics Division.

A n_w I_cility,the Argonne Wakefield Accelerator 2.1 Photo-cathodeg_m
_AWA), i!now under construction.Usir_ it,wakefield

and simi?_arresea_h willbe possible_t significantly Phot_cathodebasedgun designscommonly striveforlow

higher levels ofrfi_IdeXCit_t_OFl_than were possibleusing emittance. This usuallylimitsbeam pulse chargesto
the AATF. Non-ANL experimenters willbe ableto t_nsofnC. Sma;lemittancedrivebeam isnotcriL_calfor

arrange _me o.f the facility. This report outlines the wakefield applications, relaxing considerably some
principal '/eatm_ of t_e AWA. initial planned desiKn constraints for the AWA gun. Several special
ezperiments,and the current,statusofthe project, techniquesare alsointroducedinthe AWA gun design
zr [I]tomeet thehighchargegoal.These include:

+ Work supper_l by the U.S. Departmen¢ of Energy,

Division o¢ High Energy Physics, Contract W-31-109- 2.1.1 Lar_athode are,, A circular area of 2 cm
ENCb38 diameter isilluminatedby the UV laser.Thin large

diameter reduces:(I)the resultingbeam divergence
+ E-rnailadd,esa:JDS@A-N_EPI_HEP.ANL.GOV (resultingmainlyfrom transversespacechargeforces)to

an accept.ablevalue of about 250 mrad; (2) the

$ In behalfofthe _NL HEPD Accel.R&D Group lort_itudinalspacechargefields;and (3)thelaserF_wer
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DISCLAIMER

This report was prepared as an account of work sponsoi'edby an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumesany legal liability or responsi-
bility for the accuracT, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use wo'ald not infringe privately owned rights. Refer-
¢nc¢ herein to any specific commercial product, process,or service by trade name, trademark,
manufacturer, or otherwise does not necessarily ¢.,onstituteor imply its endor_ment, recom-
mendation, or favoring by the United States Government or Any alzency there,of. The views
and opinions of authors expres_:l herein do not nec,cssal'ily state (_r reflect those of the
United States Government or any agency thereof.



9$

density which can potentially damage the cathode longer path taken by the outer electrons through tlhe gun
surface, and pre-accelerator.

2.1,2Curved laserpulseshape The 2 ps laserp_se is 2.1.3NonlinearfocuasinR As resultofspacecharge
modified to have a roughly a spheric_Ily concave shape forces and the gun c_avit'y's rf field shape there exiet_
as in arrives at the cathode. This shape is produced in strong correlation between the energy of the electronJ
the laser optics system by reflecting it from the ends of and their radial pomition (and angle) as they exit the gun

Surface Photo

"--"----" __ wime..sa

-" LrJ erive

{U,h,

•
Idlng

L_crRoom

Figure 1: Componenta of the AWA Facility

a set of content,ric cylinders (Figure 2). The relative (Figure 3). Spherical aberration is intentionally

positionsof these cylindersadjustableremotely. A introducedintothe solenoidalfocussingfieldby the
eagitta ofabout 18 pshas been identifiedasa reasonable geometry of the iron poles. The effectis chromatic

starting point, correction in the overall foctm through the system.
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Fig_ 2: Laser ptth_e shapixzg reflector Radius [cre}

Electrons are emitted from the cathode ins similarform, Figure 3:Energy vs radius of electrons at gun exit
initiallyat the outer cathode diameter'. This has two

important benefit_. First, it rodttces signi_cantlythe

radial space charge forces as the electrons are _igure 4 shows a typicalray traceof a I00 nC bunch t_

accelerated because of relativisticeffects. Second, it a waist at the end ofthe pre-accelerator.

allows "longitudinalcompression" ofthe pulse due tothe
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s., .._..._._.._ Presently planned wakefield related experiments include--._ the foUowing,

. _ 3.I Fieldffrt_dientlimits
4

]

I Littleiskno_Tnofsurfacebreakdown phenomena atthe

high 6"equen_,z(-20GHz) and shortpulses(afew ase:)
characteristic ofthewakefieldwork most h_terestingto

,.7 • the ANL Group. Systematicstudies will seek to
determinebreakdownlimitsand possiblecontrolby,for
example, e_errml magnetic fields.

.CD'

e eo ,so =,e _o 3.2Wake fieldtransformers

Oismr_ fromCa_xx_e[cml
The additionalparameterof a dielectricconstantin

Figure 4: Ray-trace of typical beam pulse (gun loaded wave guide tubes makes it possible to step up the
through pre-accelerator) longitudinalfieldwith littleor no change in group

velocity[3]. Varioustransformers,some usingdeflecting

mode traps [4], will be tested. Extremely high
accelerating 8rsdients of several hundred MeV/m will be

2.2 Pr_-accelerator demonstrated in these tests unless, as noted above,
breakdown defines unfortunate limits.

A distinct feature of the 20 MeV, 1.3 GHz, two.section
pr_-accelerator is its large iris size, 10 cm diameter. 3.3 Plasma wakes
Thin in r_quired l_ reduce the wake induced energy
spread and possible bunch-to-bunch deflection problems There exist proposals to study p|asma wakes in the
when operating with more than one bunch per recently identified '_lowout" regime. Gradients up to
macropulse. The large aI_rtureo produce a large group 1 C_V'/m may be possible in the proposed tests.
velocity, fN-0.17. A standing wave mode is therefore used
to achieve abouL 8 MeV/m with I0 MW/m ofrfpower. 4 SCHEDULE

2.3 Witness beam source Beam tests are scheduled to commence in the fall of
1992. This scheduleispresentlypaced by the delivery

Whereas in theAATF a witness pulseisgeneratedfrom scheduleofthemain 1.3GHz rfp<,wersupply.

part of a singledrivebunch and delayedby varyingits
beam linepathlength,the AWA employs a separategun Later phases fortheAWA project,are contingentto a
for itswitness bunch. Witness delaysup to 10 ns are largedegreeupon thesuccessofPhase-Idescribedhere.
possible.Only a fractionof a nC charge isrequiredfor Phase-H would providehigherenergydrivebeam (100-
the witness bunch, and severalgun optiortshave been 150 MeV) and Phase-I]:Iwould demonstratestagingand
examined, othertechrL/queetodemonstrateI GeV accelerationat

an averagerateexceeding100 MeV/ro.

At this time, we are loolcing seriously at Ithe use of a
dielect_c(.99.8%densityalumina) loadedstrandingwave References

cavity. Bench measurements indicatethat a TMol 4 [I] C. H. Ho, DoctoralDissertation,Department of
cavitywillproduceabout 4 MeV electrons_th 3-4MW Physics,UCLA, 1@92(unpublished)
ofz'fpower. Although a conventionalcoppe_rcavityisa
straightforward option,the dielectriccavitymay offer [2]W. Gai, R. Konecny,and J. Power, "The Argonne
advantages in pro_lucinglow emittance.A decisionwill Wakefield Accelerator(AWA) Laser Sysr.emand its
be m_de soonas towhat type witnessgun is,built- AssociatedOptics".contributedtothisconference.

2.4 Laser [3] E. Chojnacki et a_.,"Accelerating_XieldStep-Up
TransformerinWake-FieldAccelerators",inProceedings

The AWA lasersystemisdescribedfullyina companion of the 1991 IEEE Pa:_icleAcceleratorConference_
paper at the conference[2_[. p._557-2559

3 INITIAL EXPERIMENTS [4]E.Chojnackietal,'_¢Ieasurementofdeflection-mode
damping inacceleratingstructure",J.Appl.Phys.69(9),

A first and crucialexperiment is t_ generatethehigh 1 May, 1991
current beam pulsesforwhich the facilityi_designed.
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