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Abstract 

A 2Rfifi-\1Hz S-band, electron-positron lillf'ar acct'lera

tor (Iinad has bePIi constructpd at the i\dvanCf·d Photon 
Source (i\ PS). It is the sourcp of particips and tlIP injPdor 

for thp othpr APS accplprators, and linac cOlnlllissioning is 

well ulldprway. TIIP linac is operatpd 2·1 hours per day to 
support linac lwaln studies and rf conditioning, a.s wdl as 

positron acculllulator ring ;uld synchrotron cOllllllissioiling 
st udips. TllP design goal for accdprated posit ron ClJrrPIJt 

is K-mA, alld has bpen met. \laximlllil posit.roll elIPrgy to 
(latp is ·12()-!\1eV, approaclring tire dpsign goal of ·1:)()-l\lpV. 
Thl' lillac dpsign and its performancp arp discussed. 

I. INTRODUCTION 

Tlrp electron linac's injector consists of a tllPrrnionic gun, 
a singlp gap prebunrIIPr, a constant illlPpdance bunrIler 

with 1'" = O.7 c
)f', and a :1-TIlp(pr-long constant gradient 

t ravpllinp; wave accelprat i np; struct ure. The prphllncher, 
hunrilPr, alld accelerating structure are powpred hy a single 
klystron. Hf powpr fronl a second klystron is transmitted 

to a SLED [lJ cavity asselnhly. The SU;D COlli presses the 
rf pmH'r in tim p, proportionally in('feasing the peak power. 
The shorter hut higher I",ak power pulse is split four ways, 
powering the otllf'r four accelerat.ing stmdllrps in tire elpc
Iroll lina,. A dipole lIIaglwl at the end of the elpclron 

linac allows visual ellergy ;u](1 energy spread optilnization 
alld PIH'rgy analysis to be perfortllPd using the diagllostic 

line's [2J fl uorescent screen. 
Thirty-nano&cond-Iong pllises from the electron gun are 

acc~'leratpd to at lea..~t 200 I\le\' hy the electron linac at up 
to (iO pubp:" pN second. The electron fwall! is focused by a 
quadrupolf' triplet onto a 2 Xo (7-111111) thick watpr-cooled 

t ullgst ell posit ron convNsion target. Hadi at ion shieldillg is 
incorporat,'d into I ht' t argt't housing providing SOllie pro
I eet ion for upst rf'all! and downst realll cOlllponent s. The 
dpsirpd spol size on Ihe target is ::;:\-llInl, and a ::;fi-nlill 
spot sizp hots heen adlieved to datp. Bealn positionillg and 

fO('llsing on the t argpt arp aided hy Iwalll diagnost ics and a 
flPOlIll profile analysis packagp. 

A pulspd solpnoidal coil just dO\\'lIst realll of the target 
produces a 1.')-'1' field, focusing the heam into thp positron 

lillac where nine Illore accelerat ing st ruct ures accelerate 

the positrons (and electrons). Tire first two accelerating 

structures are surrounded hy solelloidalmagllets (Il=O.:I'r) 
for focusing and containlllellt of the low energy healll, and 

IIIP final se\'en are surrounded hy 21 FODO quadrupoles. 
Steering IIlagnets are posit ion"d Ihronghout thp linac. TIIP 

positron linac is powered hy tlrree klystrons and two SLEDs 

'W"rk slIppnrt('d hy th" t r S. Department of Encrl';Y, Office of 
Bas;c Sc;('nc-('" llnd('r the Contra('( \\'-:1 I-I o9-ENG-:18. 

as shown in Figure 1; the maximum positron energy to 
date is 120 l\leV. A dipole magnet is installed at the end of 

the lillac, allowing positron energy optimization and energy 
analysis to he done visually on a fluorescent screen. Elec

tron and positron Faraday cups are located after the dipole 

(see Figure 2), and simultaneous readout of posit.ron and 

eif'ctroll currt'nt.s allows for positron current optimization. 

The lina(' heallliine is shown in Figure :l. ()~>sign goals 
and lIleasured results are listed in Tahle 1 for SOllie linac 

paralllet ers. 

Table 1 
Electron and Positron Linac Ueam Parameters 

Measured Result and (Design Goal). 

e - Linac e+ Linac 

Energy 230(200)-l\IeV 420( 150)-l\IeV 

Pulse Bate 1 O( 48)-pps IO( 1R)-pps 

Pulse Length :lO(30)-nsec :lO(30)-nsec 

Particles/Pulse 2.21(:1.1:1) x 1011 1.1 O( 1.56) X 109 

Charge/Pulse :lfi(fiO)-nC O.2fi(O.25)-nC 

Bealll Current 1.2(1.7)-A at t.gt 8(K)-IIIA 

Bealn Power (W) Rl(480) ;::oR[e+ +e- j('J.1e+) 

Beam I';lIIitt ance ::; 1.2 (::; 1.2) ((Hi) 

95% IT-IlII11-lllrad 

(!1F/ F:) ::; ±8% (H%) ±:l%(±I%) 

II. RF SYSTEM 

KlystrOlI aillplifiers (Tho1l15011 'I'll 212R) are powered by 
lille type pulsed 1lI0duiators [:IJ which provide 100-\IW 
pt'ak power to the klystrolls at repetition ratf's up to (iO lIz. 
H.egulatioll is done with a COIllIIl<tlld charge tetrode syst.em. 
Thirty l\IW of rf power at 2W)6 i\I II 7, is fed illto the accel

eratillg structures, producillg all electric field gradif'IIt of 
abollt 20 i\1V /111. 

Tlte 2R5fi-MIIz low level output ofa highly stable llIa.ster 

oscillator is alllplified by a 10-W CaAs FET amplifier, and 

is then divided illto two separately distrihuted signals. One 
of these sigllals is distrihuted to the five klystron drivers, 
and the other provides the reference to the VXI-ha.sed pha .. "e 

IIlt'asurelllenl systeill. 

The klystroll driver uses a GOlAs FET preamplifier fol
lowed hy a .jOO-W pulsed driver alllplifier [.jJ. The pulsed 
driver alllplifier is ba..<;ed 011 bipolar trallsistor technology. 
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III. 13Ei\:\l Dli\GNOSTICS 

E1f'vplI Iwalll po,.;it iOIl Illoilitors (llPl\ls) [!)], three wall 
currf'lIt Illollitors, alld f'igh\' nuorps('Plit serpells [tiJ, IIwa~ 

sure tlw Iwaill's positioll alld CUfrPlrt .. CUll currell!. alld 

pulse width ;He lIIea.smed hy a toroidal currPII!. IIlollitor 
locatf'd just downst realll of the eled ron gun. Stripline 
IlP'Ils 1IH'a.'iure thf' Iwaill's positioll and intellsity hoth hor~ 

izon(ally alld vert ically. !\Iea.'iured sensit ivi!.ies are 1.75 
± (l.I !)(IIl/1ll1l1. Hplat ive positioll is ohtailled using log~ 

amplifier elf'ctronics alld is IlIea.sured to he ± 501'111. It is 
lililited for now to ± I '2J1111 hy a l'2~Lit allalog~to~digital COII~ 
verter. 1l,,;ull intensity calculated frolll the IlP:-'l output. is 
avaib,hle to olH'rators, and allows for fa.,t optilllization of 
the traj,·ctory. The heam's re\ative position, spot. size, and 
shape are Illea.'iured hy nuorescent screens. The video i III age 
is fraille grahhed, processed, and displayed. The resulting 
illla!',e is accurate to approxililately GOUpil!. IlPMs, nuores~ 
cent screells, alld current liloilitors are illstalled tllroughout 
tIre lillac. 

IV. REi\DOUT i\ND CONTROLS 

The linac control systelll uses the I';xperilllental Physics 
alld Ilidustrial COlltrol Systelll (EPICS) tools which have 
heen developed hy tile Controls and COlllput.ing Croup at 
APS/AI\L and hy the AOT~il (;roujl at LANL [7J. Eight 
llIicroprocessor~hased Input/Output COlltrollers (I0C's) 
provide real~tillle control, Illonitoring, and data acquisition 
services (.0 the linac equipnwnt. Two 10Cs accOllllllodate 
tire Iw;ulIline equiplllf'nt, including vaCUUlll, lIIagnets, and 
cooling water. Each of the five rf stations ha.'i a dedicated 
loe wllicll acquires its rf and diagllos\,ic IIlea.surelirents at 
a (iO··lIz rate. An eighth 10C halldles the imagp processillg 
H'(IU i r"lilent s for the n uorescent screen camera.~. The IOCs 
,uP cOllnected to a COllllliOll ethernet. t.hru which they can 
cOlillnunicatp with each other and with the Unix~ba.sed Op~ 
erator Interface workstations (OPls). Tools for interactive 
p(jlliplnf'nt control, d;tta archivillg, alarnlillanagement, and 
hackup/rpstore of llIacllinp spttings llave been devploped. 

ileall! diagnostics readout and rf phase and alilplit.ude 
Ilre;l..~urell!ents have heen integrated, toget.her with tIlP ded~ 
icated lllicroprocessor-ha.'ied 10Cs InentiolH'd above, into a 
<:OlllnlOll VXI-ha.'ipd systelli. LANL [KJ VXI Illodnlps were 
npgradpd for fa.'iter pulse response al '2t15(j !\11I7: and are 
u;;ed with A1\L's (riggpr tilliing IlIodnlp, cOllstitutillg tllP 
central put of the systelll. Online SLED peak power lIIea~ 
SIHPlnents agree with pOl\'Pr meter readings to within '2% 
anPr iinproveillent of the envelope detector to optilnize re~ 
tmn loss. IU pha.'ie is mea.'iured using two VXI lllodules, 
a downconverter, and a vector detect.or, plus cOllversion 
software which COlllputps pll<l..<;e frolll the (h'l.pcled I and Q 
wei ors. !\If'asurelllent s are rppeat able to ±O. I dpgree after 
appropriate averaging. 

Healtillle screen readout and illlag" analysis allow for vi~ 
sual pha.'iing of earh of the klyst rons independently. ilealll 
energy is lIlea.<;med, opt inlizpd, and/or sPl to a predefined 

value using nllorescent screen rpadouts in cOllihination wit h 
dipole InagnPls. COIIl]>utpr a.lgorit hillS kpep tllP linac ell~ 

prgy const.ant to wiUlin U.l %; one regulates the rf pha.'ie 
to a const.ant value (to ±:2 degrees), and anot.her [DJ reg~ 
ulates the alllplit.ude on a pulse~t.o~pulse ha.'iis by varying 

Ure trigger tilliing of the la.'it SU:D cavity in response to 
an energy lnea.'iurell!ent made with BPl\ls in the transfer 

line aftpr the linac. The syst.em's nexihilit.y lends itself to 
development of new algorithllls for equipment control and 
analysis. 

1';lectron enlittance lnea.~urements were ea.'iily made with 

the nuorescent screens in colllbination with triplets, but 
positron emittance h;I..'i yet to be lllea.'iured, since positrolls 
and electrons are both present in the beam. 

V. CONCLUSION 

Construction of the APS linac ha.'i been completed, and 
colnissioning is well underw;ty. The R~llIA design goal for 
accplerat.ed positron current ha.'i beell met, and we are close 
(1'2[) MeV) to meeting the the 15[)~MeV positron energy 
goal. Refinement of lllea.'iUrements and llIeaSnrenlent. t.ech~ 

niques will continue for SOllie tin Ie. 
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Figure 2 
Diagnostic lines at the end of the linac allow for simple, 

optimization of positron current and energy. 
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Figure 3 
The Electron and Positron Linac l3eamline. 
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