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Abstract 

CA 94550 
‘l’llr field stress is mainly determined by thr ?t!ap(, CIC struct,ures and 

ttir wltqc levrl. For tiwse exprrinwntr, AT.4 IY:,S qwrat d ns n ficld- 

t~rnit,tlng diode and ttltli the ncreleration grxlimt is cciltro]!rll by ihe applied 

vcitag<~ and R-K gap Whcrr tit<, gap is rcducrxl at i? liwd volt~ngr. the fi?ld 

Sl,l‘,WS mCTFaS<‘s, and thus t11csc two l’ar’w‘ters arc rclat ?<I. Thr ilormaliz~d 

,.~,Littit~lc~~ sc;,]a ]ik~ tllcx ]>r~x]~~ct c,f cnrrgg an11 I.~~IJSWTSC wlocit~-. Thlls, 

olnittnnri~ is nffrct,cd by ucnlirl(~nril kes in the rn~lial forct, ‘I‘hc wlf-fklr] 

col~:rlhutiol~ to (hv radial force is :i halancr of the clrferllsing radial ,bs.tric 

fit>ld md the focusing ;u.mmthnl magnclir field. The fw’o cmtributionh ca?nwl 

tr <,ldrl. 1 -2 so any noi,!inrar S?lf-fir.ld colitrihl:tion to tt1i. rrllil.t~allce is 

rf~iluct~d :LS the, vn~rgy IS ra156vl ‘l‘llw. it is ;~:lvnnl~:g+ous tit Ilicw;w’ C’n?rg:, 

riq’idty, nIli lwan, <,““M> is ;lidrYl IQ hi& strcsn. TIN liltimale 41 :‘IIY) litrlit 

i, WI I:y the alll,wiNl lirrilk,lr,\iil \i~lt:l~l’ 

‘l’l~c thi.;iill rl,tality of ttli, A.r’:2 irrjrctor IlaY b~YV ~~X~M’rilllrbnt~ll~ IlKa- 

iUW1l ,i,,,,g ,, rli;l~ll<‘:;<’ CdtUllatol ‘I h(W r,,~~;Lsl:rt~mcnt~ haw hrrn per- 

f irlim~cj jux 21 i.iri,,ty of rililgll?Ic Gt,lcl l>rs)flcs, illCIII~1ItIp fiPlit StrfllgltlS Wtl*‘W 

Iljj i~~~l/~i~~,klor ii hhfirtkr tllitll ;I cyclotroll wav~tcrlj$tL ‘I‘tie i~?Cpt~rilllcl~t~at ‘111 

p 111~ t ~;III\:I~I lv~l t 111 01gh t]iv ~~ili:~~i~t~ii. lmi.t. i,w pwdit~~~l ~mtnr:.call! 

[‘II, III~~~IC ri,..t] im ,li~l1~3r13 iill~l <~sl~~‘rillrvrltnl ~lilfit art ill go3d nprwIIl~~lrt. 

Introthlrtion 

‘I’],</ h,.;i,,, q,:al,lg or t>right*,t5s of I hf. -\rl\-N1wJ let ~oxl~!rator (I\l“l) 

/I, i’<‘lOi hai ‘>i.f.ll i,.rl.“‘.iillt,lltal]~ ~~h~iliill.~Yl Uslrlg a :liRj;ll~‘li(. COlllIll~itOr 

I311:lrl f~i’s:, i, ~l~.t(~rtlli:l1 c 1 l,y r,,i’;\.\r,r,r,g Ill<. (.lll.r“lll irimlllitt’d 1 hroll~ll thv 

,.e,lli;l~:~tor \~.ltlj :I llilrl ~cljl,ir ~alilhlii,tlc lii,ltl ‘1 t,r, ~~sl)~,~irni~nt;~~l~ trarlSlliltt~‘il 
,.,,, ,, ,,I ll;l.+ ;,I+ lv,~j, :i~~,lr~tt~~l~ prdirtetl ~~sirr:; t~1IxIwrical modi+ which 

lli!Vl )/‘OI, <\!(‘I .e<~hil iii I,rwlictirl; tilt> i-.x])Prlilli II:,\ 11s rlli~asllred high,,,:... 

/ I,,. ,, I,.C~:LIII 0.’ .\‘I.\ III,~, ctur rollfi~~ir-;iiiot~5 ]l:ls IW~YI gu~c!vri hy itlj,,rt,ll 

,,?,l;,, ,,1’,11,‘,’ ,,i~,,<li, 11, IIcilt,.,l h\- r,,l,,,<~r,c.ll ~111~,1’~1 p”“lnu‘t~~r slll‘vr’yh ‘l’ill~ 

,/4 I/I>I_ ,,;,,i~‘~‘~IfiIII~.\‘l‘:\ _) 1 ,,I ,ec or ha.. tw,, <‘i.illlliltwl 1;ilmg illi ;lCi‘olllil tlw 

I..I~c’- of c IIII+II~II .irev,i c.i7i,. lip!cl ht l++\ If vcl-i, illlil :icci>lc*r;ttiilll gr;Lctii’!lt 

Illicv:t,or Desitxl ISSI~PS 

‘1.111~ c Illi55l: 111 iari’ii side inllllen?w thiy alcpp+ to w!lich rmnliwarit irs 

I:li/lilG’t ,111 Iti, ,111 rl~Il;ill!lc~ is 01, ,,,w!l.it ,?S I.i,llii~‘l I,? t~xterilal m&yct j( I 

[‘,.!,I, ,rdl 0~ ,113p11~~,l .~l~~rtri,- iii-1~1~ c;llb ior:trlt>ikir, to Ivnlri mllittmct~ ‘I’tle 

Iu ,111 /m$!ll,,i ii J ,i <i-fliltYl tri t,<, 

(1) 

i\ll”ll’ I ,i <“/YY/ 111, \ 1 Ih ,I,/. t,‘i,,‘,‘.‘l’rw ]‘hW L,M(‘(~ i.lillilll’~. 5 = I / JKF 

111~1 3 -= t-/i, \q:ltli il,lra,.it:, F t,-or llllif<irndy fill<,,l l~hil’i’ h]~X(‘l’. r; = (1 T)(m;y 

\I lL1.l.,. , I, < 1,111, ;,l,<‘i’ 10 ;I ‘<.ill?h Ilwrw!\. R. / illll t;l:li~r Sqllmil iLIl<I :‘lli’- 

;,,I! ( ~~fr!/,~lli~~rj til e,llj~lli~llcr di.grulC~s llt.iltll I~riqlllln’SS Ill g’~IvT:ll, tl:l~ 

/ .~t ~1~. it~~,l ~i:,~n,.ti~. li~~ldk. q:ilil hi. wril km ii.5 a11 c xlmisim ;~hw~l l,h~, iisis ix 

1,1,a~.e ,la< ci$ :~ly I]~S> r o,~,r<lin;;t,~ ill c>linrlrlc;~t c(mJil~ates. ‘I‘hc cxxt fi~l(l 

,..,,, Li, ,~~~~~~o~~~l~;~t~~l ill ~nii~ll II 1,s ii IIIIV,X 1, riri an<1 hlghr,r order Iwr~liu(w 

,I’I’,~Ih Illa. arc 5lliiIlllY in iiLC i \ irmll e~r~issiol~ rawa rcd~~crs tile effect of thr 

IIOI~~.IIC~>I. (~‘rilib ill/(] thuh t~,llils to Irliriitllizv thi~i~niittnllcc col~trib~ltioli. ‘l‘w’ 

lilllhls r~.~tnrt ll,,w hf,titll th,, t>rnitlilig surfacr, <-RII hcconl?. If a particular 

ii,, ,,‘I111 <If t<,, 31 CLil‘l‘C ,,t li J~Gd r,bi!uriui; rllc i,~lrittit~g arc-a ciolics the, 

curw~11 d~:is~t~ 10 I iit, l’z.~1~111) AT:\ q”‘l’“t.t3 at 30. ta loo-A/ml” currf!lit 

,li,,i51ly 91 ;\I ‘I f~:,r d C’ IIY~+ this .cts t hc rlli:lilllml sizr Furthi~rrrmrr for 

l,Lq,~tmg~llil< ,I I r ,,.~]wrt [I] ttw ..\‘I.\ irijmtor usxally 0p~raIi3 with a holc ill 

iI,? <’ ,,l,i,tl,. ,I, cb;!rl~ thr tr,tal :11‘I”L llllli, Ix. s(‘)‘cCa I t illl”S t,tw arra of lhf~ 

l.olv 

\Vl,~:i tliv ~urwul ilcklty is rcstrictml, mx( c~mc~ll (‘XII 1)~ ohtaillml 

IQ ,q”,,,& ti, a InrgC, ?,,,1$S1<>,, ?xeiL. In this 111ml~: of OpI’rRtLoII. the dfrct 
of Ill,llllil~,,ll.lti~~, 1, ~nci.i.iw~tj. F~cY-;L~s~~ th+ slrc yi,tl~ of thr- :lolltirlt~allty is 

~~jci‘f:~ihc 11 v~lli l:~rqt,r ~;~cljus, it, ii smll3,tirne ]:ossLhlC to dritw lilorP Current 

111,111 ,,l’,.,l”~l :,,,,I tl!r~l, scrap< th? 011tcr i d:c of 1111~ l)PRIII. In t11:s way, it 

~r~;q !)w lw~~ihl~~ ti! L ~lir~llr,ate thr ulldeslrablv ])orticm of t.he hean). 111 t hr 

~.:<,~~.rillli.llt> 1131’1’.3. dlsrllrsion, t I,(’ andc II&” hc,w shn]““l to allow th? l)<Ym 

tr, ,.\ll;iliil, ;l,l,l 1 I,,, nmg1Lctic fi<,lrl st.rrrlgtt: has /~r,rtl wl at a high cliou$ 

lml.l iii !~ll~illil lv.a111 cor>tact aiih Ihi, w:rll 
c \Ycri. / c!-f<.r,,,e I, p,,t,> <irxlcr ihe auspv-es d l, v II i Ikp”““lmt of Ewrgy Imy t ,e 

,,,*~-en<T l.,\.t,,l,<>r~ ,Yat1nna, Laboralory ,rndcr <ontrm:t No \v-74”s.ENG-48 and f”, tll- 
Ll<>,> untir., I~AliI’A ARPA Brdrr No‘wri -and x3!6 ~“onltored hy NSWC, ad fur The 
Y,>,O L i,,,, t 1e t: i nmr snc, IP So,:,‘“‘t ‘A SDIO,SIX‘.ATC h,*Ftt No \“31R1’I~-7-1~ Lull 

111,’ AT‘\ l>fillll q11.111t> I:;w hW!l Il,c’ii~llr~‘~ 1 hr Iill KC anal small I’liils- 

si01~ hrv,a c;itt~ixll~s, with ;rutl u-it hml rat t:ndl~ Imlr3 13~ wt t,i!lg wj<,“ti I _ 

,,1li.liC I(!\, l\‘l’ <lr-filiC~ il ,,,;l~,lt‘, I/_ fir ICI ,‘“‘fill~ rw t r:111>[)1lrt of ill? lll’?ll: 11,1 

11, 111~3 ivi)!litrlatilr I1 1f iici, of tll~, rnagli~~tic lil,l<l C~vi’r rhC colllciatil~ iIt Irr- 

~liinc. horn n,,tch c,~3‘rf’nt is irai~itrlil / (,<I: ltl~~ h~iphtl~r~sc can be relati~d to tlli, 

trm~mittrd ~~llrrcllt S~illlll,ltions of Illi, /~roo~~C h;n~ hives ~rr;~,lv \rlth two 

com,“‘t~:r ml< i 

NmnrGcal Models 

‘rjir u;wwi\.iil K;irtlcl,> ~L,c]c~ (l?l’(‘i I21 mlrllt;itb-. i]l’lci’ ill;r~~~~~lii~iltf~il 

0,,11“.,0,, ill,d suthrqllr~lit l’\‘(iilC tr:\,]l’(.tol.ki j,.,,t .Ili lll,jl~CllX r~lr~~tr<~Clc~ ill- 

I.li,dllrg the nllod~~. I)i’( li ,k ,,:ti”icl<~-llr~, I II ” iv,]<% Il1;:t ,Lr:ll[lut~~s Ir,lJcC irwil~s 

1,) solvmg t 11~ relativistic force ~Y~~~~TIOII rllc frltls itrr ct)tainr-cl from thr 

l)arwin [3] approxirnntlon of ?laxwrftl‘s cquAiow. f)PC is an asisylrrlll~‘t~ric 

cc)de that includes capabilities for external magnittic fi:ald coils. firlite elec- 

t rode \.oltagi~ ris,. I ilWS. and “sln:r-c;rw” sloping of elrctrudrs for umticlirrg 

rwuotlb‘trir cfbcts. ‘I‘ll? geom<‘try 1s t\~o-(litrlc’nslotl:11 inaml~ for the pUrp0sP ,a 

1lf wallstically mo~!~~lirlg t hc Imvcni~rgy nrct~li~rntioil al~il the Icmgitud~~li3l 

,,iflumcr of ‘~]ectrodes Afti~r thv lw:m1 Ix~si<~s itito thi. ,YI‘A mode. the ge- 

on,i~t,ry 13 vsse~lli:~lly that of n pile ilrl~l tlit. ent’rg) jh at 1llc 2. ,.,r :iL\lV leiel 

III this situatioll, thra dyllnrnica arc ilccr~~~]~l~~~l lr~tlpltrl.llr:;ll]y lo ordPr 3-2. 

,\t this itngc’ of the> tr;ur5]~~rt. it, stcxlj- stati’. it 15 irltlicii‘lit to follow only 

lllf, Illoli~>n of a Sli(.‘. or tl1,, hi.illll 

‘l’ht, ph;w S,>il(‘<’ that C.Sl(h 111.~ DN cmlr> IS IISWI as m initial cond~tim 

hr t lie Slice YJarrsport (S’r) colliplltrr COJC. ST tr:\rlsports a SliCC of llw 

IIL~~+III at a fixccl distance from the h(‘am hmd rlccaltsc S’I’ ilhS”,,WS lon- 

gitudinal ~]w~~,,pling of part ~cIc, dyt~:m~ics, it IS I~CCP~SRI’~ 011ly 1 o SOIVC for 

~notmn in t.hr tr;umwse planr Thr otuation for LI> anal u$, is. 

(2) 

whew II = ,b. ,” 1s IIIRSS. - 3 ‘1 is iliargr~, 12 = -Yq ii tiw c]i,ctric fit~id. ij IS 

the mgnr.lic fkld, ami (’ IS thP qw<1 of light ‘fht, part icl<~ rllcr&y is ll5ml 

to obtnln I,, = (5’ - 1 - 1,: - .;y wjith j givru in ti~rlilh of the potcntml, 

-/ = 1 - pd/(m?) O~lly the radial clwtric fi,,lii 1s nwdc(]: F;:,. = -dd/dr 

nnrl c, 15 cnlculata:d fronl ;I redu~~l I’c~isson ~‘qu~t mn 

1 d dq 
----I’--- = -lrp+X 
I’ ill. 111, (3) 

In Eq. (3). ,I is a SOIITI‘C modificatinrl that provl~Ic5 a firat-nrdrr corwction 

for longitudinal charge variation and satlsfirs, 

1 Cl tiX ii” p 
--T- = Ix- 
rdv ih d:? (4) 
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Thq, 5’1‘ Irragn+t,i~: field r.or~iists ci f the sum of rstt~rnsl prcsrribetl iit Ids 

R~ICI th twatm self-nlaqi,tic field. ‘1‘1~ splf-magllrtic firld satisfies tll<, tifnp- 

irl:lq>t’1Idmt ~\mpt IC‘.C law, 

yxgzI;r,j 
i (5) 

I he self-thct a c0nq”“N’:lt, Hq ~ is ohtnuxxl from a riuli;tl mtegcal of the z 

c~lnlpolliYlt of 1,:c.j (5) 

ii8 = 2 
J 

r 
Jz T ill TC c 

nre z culnponelit, of the self-magnetic field. n,, 1s obtained by I]~~egrntlne, 

t tl? ttwta ~--ollLp.~ll?Ilt of r:q (5), 

B, = B,,,, - 12. 
J 

r 
Jo h 

c ” 
17) 

‘l-lrr~ :is,s VAIW ii ,i.cl is determined hy requring zero loyjtutln~al magrvtlc 

1111); iit. thr radial aail positior~ 

ExDerimental Drscrirdion 

‘l%r ATA injector experiments were run m a diotir configurativn. ‘I’h<, 

Lmic geotnetry is tbm a smgle gap fullowrd 1)~ an arlode cone and 6.i. 

cln-radius txarrr pipe The anode cone has sewn focusing solenoids (I, LO 

hi. itnd the b~~anl pipe has an a~ltlitional three solrnoirls (JlOu to flOc) 

1 hc magnet IC collm~ator is a lI)G-cm-long, P-cnl-diamelrr pipe wit!1 four 

:ix:sg’rllrlwtric solcno~rls (flOd to flog) III order to unit. a b~vtin wtll zero 

cmomcnl ar:qulnr motnentr~n~, 78, thrc is also a bucking coil behind th,: 

Cntllod~Y 

Two rlectro<lr sets were run. with and without. cathode holes. The first 

cvnfignration d(+,xlatrd “standard” is illustrated 111 I’ig 1. 

LF= 

Fig. 1. Standard injector configuration 

‘The fl magnet is indicated by a rectangle with an ‘Y’ lucatrd in the 

anode stalk. The cat,hode is pawed as solid. for some experilnent,s, however 

a 1.2-crr1-rad1us hole is present. 

The second electrode configuration rrferwd t.o as ATA-MOD-Dl, is 

sketched ix Tlg. 2. 

‘l’lw main differences betwren the Iwo configurations are 111 the cathode, 

rd~us, A-Ii gap, and operating voltage. The parameters of each configure- 

t km art’ ~urnnmriecd in Tablr I. 

Fig 2 ATA-\lOI)-II I irl,f”‘tr,r colliigur:ltion 

I’nranlet~~rs Stalldard ~~l:\-h101~-1)1 
Peak voltage (ill\‘) 3.0 2.C 

Volta&r riw tilrw (~3) 20.0 ‘(1.(1 
A-Ii gap (cm) 1 111.0 1 IO.6 

ClatJmtle radius (cm) 1 6.S 3.4 

Table 1. Configur;ttion parnmetcrs 

Orrginally A’I’X~IODI11 wa2 ilt+rwl for oprrntiori at 3 Rl\~: hw.w+r, 

experimentally It was found 1 hai brc;~kdown and arcing ocl~urrrd at. ,L voltage, 

of 2.5 MV. JJust expenments wx conaeqnently ~‘uu at. 2 .\I\’ to rlilninat,r 

this behavior. Compuler calrulat.ions showed on!y a millor yc~fornlanc~~ 

cl1angr at, t,tle reduced voltngr? 

Beam Ormlitv Measuranu~nts 

The beam quality or brightness is ohtainrd by mrnsuimg the currunt 

transmitted through thr magnetic collimator. As reported in other work [1], 

the brightnrss. J is expressed in terms of fit-hi 0. coilinlator radius P),, 

Dl(o!np) 
3 = (I&.; _ .ip, .+ 

/ md cur~cn,. 1. where k, = (illl/inc?),/vj’ - 1 and wltl: I txpl.~swd ill amp\ 

k:’ = 21/(1706O(;r’ - 1):3/L I. ‘l’hr furlll:lla In Eq (b) is q,l~rupllate WIICI 

the magnetic field is const,ant and of large ~wough uqqutudt~ so that tbc 

collilnator IS longw t,han a cyclot,ron wavrl~~ngt 1~ 

The standard confguration has been run with and without a hole in the 

cathode; here we concentrate on the experiments that do have a hole in the 

cathode. The hole causes an aberration in the field near the emission surface 

that manifests itself as an increase in emittance. For moderate magnetic field 

settings over the collimat~or, not all of the beam current transmits. The most 

interesting question 1s whether IX not thp current transrnitt,ed through the 

collimator is purged of electrons that, have suffered cathode hole aberrations. 

If t,he purging process takes place, thprr is an increase in the berm quahty 

of the transmitted beam compared to tile beam mcident on the collunator. 

‘The experimental results and code predict,ions of briglltrns for two 

cases are given in Table 2. The first case has such a low field over the 

collimator that the length is short,er than X,. Thr experimental currrnt 

cdrt still be used with Eq (8) t,o calclllute hnghtrress since most currrnt loss 

occurs for distances less than X,/2 
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wfow and aft.w 111~ wlli~~v~t,or is plotted 1t1 FINS. 3 and 4 

I I :; ,- 1 I / 

C’asr: Iapt Cd? X,/106 I,,,,,(kA) 
I 2 65 x lo5 4.00 x 10” 1 74 0.6 
2 I 30 x 105 2.00 x 10” 0 86 1.8 

‘Tahlr 2. Srandnrd confiqllr:lt~ion 

The r0di. an<1 exjwrilrwnt show that the bnghtness is larger at lwwx 

,r Ilislnlttwl curr.~Ilt whw ltraj8$ = 0 li. Thr, ci~rw~~l 111c1dm1 on tile colli- 

!uibttir for b3tll c,w>s is 9 kil ‘l‘h? cas 1 ph‘w spat calcillatcrl by tile (.O(li~ 

-4 -2 0 2 4 

x (cm) 

Fig 3 Phase space before the rollimator. 1 = 268 CI~ 

0.08 - 

0.04 - 

-o.08 

'a. 
I I I I 

-0.8 -0.4 0 0.4 0.8 
x (cm) 

Fig. 4 Please spaw after the collimator, Z = 379 cm 

The I,hase space at z = 268 cm in Fig. 3 shows electrons near s = 0 

scattered out from the t,ulk velocity. At this z position, the code calculates 

a brighcnrss znriudzng these particles of 5 x 104. This is almost, an order 

of magnitude lower than ttw brightness of 4 x lo5 at z = 379 rm, which 

wrw~spunds !c., Fig 4 where these particles have hecn lost, from th(A beam in 

passing through the collimator 

ATA- 510 I)- I) 1 

Tllc ATA->lOI)-I)1 configuration ha brrn run experimentally to ex- 

plore tlw issue of rrdr~crd omission area As shown in Table 1, the cathodr 

radn:\ is ll.xlf that of t!lr: standard configuration. .4 smaller radius is hew 

<>flclal fcr tlw aberration problem as discussed earher. Unfortunately, the 

~,]“~‘“t10”“1 voltage h;id to br I<NwPd t.0 2 hlV to a\,,-lid breakdowr1, alid 

ll,is lowers the ~~pplicrl stress and the rak of voltage ulcrease Tbr rPsuIts 

For two different magnrtic profilrs art’ given it) Table 3 

Case Ekpt Code X,/106 Itram 
1 2.60 x lo" 370 x 10” 0.38 0.62 
2 [ 1 7 00 x 105 0.72 0.57 

Table 3. AT&MOD-D1 configuration 

Bat11 of these cases wcce run with a hole in the cstha>dc The first cast 

bss rrasonable agreement with the code, but t,hr brightness is 10 times lower 

than the standard configuration results in Table 2. The magnetic profiles 

for cases 1 and 2 are plotted in Fig. 5(a) and 5(b), respectively. The field 

over the collimator for c;tse 2 is slightly larger than that for case 1, 

1200 I 
1000 - 

2 800 - 
In" ii 600 - 

cn v 400 - 
300 7 

100 200 300 

2 (cm) 

Fig. 5 (a) Magnetic field profile for c&se 1 

1200 

1000 
800 
600 
400 
200 

2 (cm) 

Fig. 5 (I,) hlagnet~ field profile for case 2 

There are no analyzed experimental dnt,a for rase 2: howevrr, the code 

result indicates that the case 2 magnetic profile yields a much brighter beam 

The- illJector issues relevant to experiments conducted on AT4 have 

been discussed Tbc experimental results and code cornpansons for the 

standard and ATA-MOD-D1 injector configurations have been presented. 

Good agreement is obtaned between experimental beam quality results and 

computer calculations. More experiments are needed to resolve whether or 

not smaller cathode radius is beneficial. 
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