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The hl.4FI.4 program TS? is a :!i-rli~nrllhii)xlal. fully relativistic 
particlr-in-~~11 cod<,. Thi> code has hem &vloprd at DESY to 
htilily tlir l)~.alll (1ynalllie of cllargd Jmrticles in rylirl<lricall> 
sylmurtric strurturrx. E.C clr~rtron guns or rf-tubes The roclr~ 
and irs t11ai11 f~~nrur~~s will tw dcscIihrd. Thrn. as an rx;it~~pl~~ 
for thr wide r;lncr kjf al)~~Ii(.ation~ for thr program TS?, si,r, 
ulations of thr 11~1llow r,lvct I~IU lrr,;lm ply for the Wnbr Fzrld 
Twti.3Jor7,1 I’ ~:~~fr*r;zr-rrr at DES\- will l)p pr<*5mlted. 

Introduction 

The, J>:qzralll TSO l~elongs tn thy gr~n~p of flllly 3 rlilnrns.ionii! 
5IAFI.4 1 ctlmI)utcr rodr-. This 1u11~111la~ 15 ~mr cd the latest atl- 
ditlonh to tt:i> family of IveIl t~ral~li~lrrd codc5 solving hlaxn-rll’s 
quaticsuz. It is one of +~IP ww 3 di~~~r.n~~onal code MAFI.4. 
TS7 s,Ivv.< tilt> field r~quaticw> and tllv rq~~a+~~~ns rsf I~~~IOI~ in 
p”‘“llrd wlf cms1sttmtl!.. In TS2 hl)il(‘(’ chargr effects AI‘? also 
+akcll III+<) account. Tht, co& has 1we11 tlrwl~~Jwd t(> \+udy thr 
lt?Arll ,I\ 11k:IIICb cd .l c ~drgetl particle> 1~ulw5 riuca to ili*f.i.ac.tlou 
vcth t..xt*‘I Ilill firld; in cvlln~irl~a 1 siIr:ctnwb. II iq h llwflll t<lcnl 
f~)r Ilit ri~,>~g:il il+ld tllc optimizati~m of \trl*ctrlrrs x+1(.1( ii> vlr.( 
trorl I,P~;~III g‘+li\ or high pwer klybtrmi: for fut:lrc accc,lrra+~~rs 
H b wf.11 ii, f,)r ttit, sinlllliitlorl of rsi5tinK r~sJ8<~rilll~wt;il hv’uJ>. 
like t llv Il‘ukc Field l-~.t~t~cft~r~ri~~~ Er11+ 1 l,tirrit. Firit. WC’ wi:i 
Fiyr a lle..vmJ)ti(,n of TS?. its main feature alld thy ctuupllt;i- 
tici1~:tl Illr~thc~ci:. uwd ill tllfz c~~tiv. 
i1IIlll!;i111i:1 <>f ti 11 I1 %l 

‘l-L<,,, \‘YP IVill 1cp-“t <)I, thr, 

,c 10 I,\, c c~ctron t,ranl RI,,, for the Uhk~ Ftr id 
Turf ~,f,,r,r~t~,r Ezper~rnr ,I! at Dray as OIIC apJ)lica+ion of tliri pr< Im 

gr:tlll. Tlliz- ~~upmirum+ is tlm-rll~rd in detail ~~l~~wl~m~ 2 Ttlrs 
Inwr 11r1\m hollow Iwam gun ivas &~rlop<~~! at DES\-13 Thr 
Plwtron5 art’ rxtractrd from tlie catliodv a1111 acrelraratwl lay a:, 
ap~~lircl ~~~~lwtl tiich voltage t,ctwwli thch cathdc and +llc* 211 
Od?. 

Tltc >lAFIA ~rlodulc TS2 

A* a part cjf +hr* hl~F1.4 fad>- of codes. TS? has thr narn~~ 
Rlrllct urr end niakrs USC of the fpaturrs of the ,Ie\v rr~l~aw 
of M.4FI.4. ():I(. of thee ~:eu feature> I> tllv mIIfird.~II<m~,- 
cmtrol1r~Ci. ,lS“,~ i,ItrTface. All input to the prc,grain i4 donr~ 
via C01ll11riiI1d in ~pe'.ific IIlf’,,,lS. .4s au cxan~pl~. in Figure 1 
oil*’ of the, 1*3c*.u’ is shown. IIeIt~ the i,lpltt Jmralnetrrs (If thr 
~)UIICIIC~.. ~~wti for a >pwific simdation. are wt These J~aratne 
tr.15 de-filic, +ht, ;lIiil of prtic1c.a. thr, Ilunitwr of 1,1mrilc~s iad thv 
I11:IiIlsr1 of J>ari;I.lrx: ill vilch ltlilicli. :IIV iilu( of mlibsion, wit1 
thr l>‘lbe <If distril)litioll for thr hl~+irhvh. 111 irtllcr ~Il~mus. fr>r 
t~xa1111>1~. the II.IIII~HT a:ld kind of c,strI nd fic~lcls or 111~ nulutwr 
of ii~l~~niiid-c,)ils kr~‘ ivt. 

Tll~~ tllr~5ll ;illd tllc Iliati~rinl ilii+xillntio:l. llhcd in the cd- 
c lllit~lo*l~. it:c ~~rnc*a+c4 l)g thr ~~v~dnlv 11. Dp lo C3 tliffmmit 
uli~tvrial~ ~‘iin :)f’ 11.cti I11 t1,c calcrIl;i+i~~lIi. Thv filling of thrz 
11~~~~21cr~ll~ can tw fnll or tnnllgnlar. III TS2 it is possihlr to 
pr<‘ lii~cl al-Litrary 511;rpc,il statis. or rt,:ilrlant r7ctfwlal ficltii and 
take tlI(~I11 ai I:lltin: ~-ahl~s uf tllcl (~If.I.+I.(,I!IitEIiCtiC field iniplt 
IlI~~1Itr~il OII IliV IIl(4l. OIlC~’ tl1ry arc srt 11,‘. the!. do Ilot nreti 
tcr tw trt,atwl ~1)wially ;*IL~ Icm~m. 1‘lIu. this IIIaktss approti- 
Ilm+i(ari~ of rf c.svity firId like the, .’ put nI~~~*~~~~~~l~i~ii~~n” in thg. 
ro**lpritcr codr hIASK 4 IuIzI~*c<‘5hitry. ‘ftiv C~S~~~TIIHI tita1rl.s HI-~ 

cdr-ulateti lrv the cl+llrI hl.4FI.4 ~IIrdrIlt~~. c’.g. static h<.lds ti!, 
the 7~di~lw*~Li<b:,aI statis- fivlrl -0 Ye r 1 ’ ci 

.4t (.utiliu. u.cm dcfinvti. tilui, htt.l)c thr calc~lli~t(~ri ti~l~l, ililtl 
Jmrtlrle l~~opvrties can bt7 printd a~lti written to a dirwt a~. 
crsi film. TI.I~ filv CHIL lie ~,>.cd 1,~ tllc Pr<~g:r;tn~ I’. \T,ll:,.t, J,<,>+ 
1trcwvws the, 5~>lll+ion?; itnd displays tliem go aplucall,v. 

TIIC ?!I -1 t-1.4 I~Iod~de TS2 is a I,;lrtlc.lt, 111-(.e,l1 rc,ti~. This 
IIlc,tll~,,l elf <cl11 iIlK .\lasw<Lll’b cq~~a+ii~lls aI1(1 +llr, e~(l~l:*ti,m*li <bf 
Ir!i~iic~ll >c,!f (i ~Il~i~+r~Ilrly w;l first rl\rd and ~li,.irli~l~c’,l irl l)lii\lilit 
l)lly.ir, 5 13111 11 is alw uxtd ill c~~(l~~b frm 111~ bi:iiula+i(~ll of 
co*.~~~~*~f~*~l~ Iii acrrlc7iitor physic?. 

.ifrc-I +I,(, i~ij+iat nmdilions have lweu ll~~finfd. th? following 
ttlrrv htr~Jj< aif’ carried out for c,;iclr su!~irqllvlLt tinlc~tc~p : 

- C‘;lI( Iililtr, +I:( <‘,:I reilt <lf,tiity a+ tlir, ~iivsli poi1I:4 ivllii-Ii c01~ 
11511~b311lb 10 tlkf, Ilu~ti~m <,f tlrr, Ilartii.lr~s. 

- ;l~ll;llic~f~ tic ltl- 111 tliiic’ Il’:Ili: till- s li:Ic Ikt <lt,Il.i+? ilh k <lI-ivirl- 

- .~~l~-?tllcl~ ,'"'l".l'~ tIil,~'.<~lcrIlr. . ;1~-l~~~I,liI11.' t\i +llC, I.lurmti f,,rcv. 

1-,:11g Ilit. iiii:lC, 111t~‘cIil+l~‘Ii *l.t~r~Iv G lhf, iicsl815 ;lIIti the 
~‘11111~111 rh.:l,~- iii<’ ilwa+lYl 11, ilL<, I,.<‘. L. 1 ‘I’hr ~11il1.~~~ i1ii.C 
1111+1inu iI1 1111, llilllcll(~ arc df~~c-ril~vci 111 TS2 III- Illi!ci’o ]~~,ri~~~l~~~ 
:x ill<-11 rr’jii~‘..~‘lll ij ritricl vilwrz~ ~li~~ril>~lti~~l, 11) 73 it111111ir, 8‘oI 

:‘(I. l)<bil<li,,g +c) ;sl~fn,~+ I*J~’ ct.11 <lf 111<, firmI< III’.>11 
KlilI:l. a,,\- k11,cl II!' t li;~~uc,il ;rilrti* If, (‘a11 Id ileiiuvrl 

Ill :hc, ),I-” 
‘Tli<, ?<>8i<, 

Ii lli>T I<‘.111~~11~~1 10 +‘,t> ~illtilliltl~I11 llf r~l,Y.+lllll 111111,-11’>. 1:;)) 
irall)-. OIL<’ IllilrI.o-J)iil-tiil(. rq,j’<‘\t Ilt i ;tlBl~\it 10’ wal ;,;11-tlclP~ 
T!lr<r IIIHCIO I)alticlr,c AI? cl~:II;tctt~ri7t’al llr- tllr,ir J)<~s~ti~~ll (I’, ; I 
allal their Il~~rln;~lii~~~l n3omt~1:!:3~~3 fi i 1: I/ : ‘I. / 1; rr~c. 
T!lr, J)~lG+i<~ll 1n;1y 1~ ;~II~~cII~I.P ill\l<lc. +!lt~ I~IOI~ t.ravr~wd I,J- +11c 
IIIC,~II. tlie III~JIIIPII+~*II~S trcatvd full> 3 llllll~~ll~l~lll;rll!. Slas~v~~ll’. 
fylliitic~ii~ il11~1 ‘lit f.vll~ati[!us of IIIo+IoII arc’ z~~lr~d 1)~ H lr~itl~-fiibg 

.(.hC~ll,f~. 

. . . . . . . . . . . ..*......*........................................*................. 
u*i A TSZ 3 c - 

,............................*.........................*....................... 
* FLAGS NWENV ULSSKCS PRlNTSCREEN PIH!Nlrl.t NOiCG‘lLl PcCR*PHICS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
* TOTAL w.bmCR or PARTlCLES IH ALL BUM-HCS 25co , u*xIuY xml ) . 

__ _.--. .-... .----..--~_-. . . 
. B”I#‘H (1.2. 10, 
* PARTICLE5 - LL:CTHOw (fLCClK(Xji.PO~ITF(~,PHCT~HI,‘*1I- PRirTOl(,‘iON) . 
* 1c+u.4*ss - m), LISLS (WZ!. iii ,m, IN cx”) 
* NWULR .* 2500 ,NumLF c+ P*RT*L‘LExI 

CHARGE. 5”001-37 iCCLl.Lt w BUNCH) 
. TlMSlEP - 1 (rlurslir *7 WHICH P*RT,CLfs *RF rM,ITC”) . 
. _---.--- 

F‘iglur 1: 3lw1I of thr ht~nc~ir..~rc~tr~~rr of TS2. III tllis wc.+i[lll 
!di,:ic l~r~;iIIl l”:I”Ill”tw. “.g. dmgr. Iillnll~t~r <lf p;irtirirY. aucl 
111~ ]“I!w ~I~~tiil~i1l10+15. ifrv wt with their il;iti;ll valll(~ 
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\ 
FI”111.C L’ L;,v<l,ll ,,f the 1;,>rr drivm l,l~II~,\~- l,ram guti for tll? 
li:Lkc Ftr L! jlwr~sf~~vtv Erpcrirrtrnl at DESY 

Tllr, wh:t,v a> \\t,11 H’ thr 111agnc-t1c field ILlllPt lx tmr-awraprd 
Kl,<.I, the \-cl~mty dmng is calculated Furtl~rrtnore. the sec- 
~mti ty~~alic~n 3. Ilul>licit. In TS2 it i, rrplaccd 1,~ an c-xphcit 
;‘l<‘l, 1tl.111 111 II,,, tir\t itq’. thr 1111 IllleIltulll is a<lwlLwd 1q half 
2, til,ic. .I”;’ I~.~,,~ c,IJ~ tile vlectric firlti. Thrn t!lr rotation ill 
, I,‘. ,,,,,~ll,l~lj(. fi<~l,l 1s ,~:,lr,ll;itcYi all<1 fild!. t11r ~Wl~Jld half strp 
of ,ii, t,lt ,;!l:lr[l ii ~;rlii<Yl 011t. 

11~ I,I ilr-I to C*~c~va~~~ uoi\c iillll~litllilf5. pyr:mGd \llal)td par 
f ,<-11.. WIT’ ~:w,l. Tlli. wll<n~, a -1~~00th al’]“(~.~illlntioIl of ilrl! 
<lhtlgt, ~li.liili~~‘lo:i at tllv c‘i~it +lf wc~bnd order tvrtlli iI1 tll+, 
c 11114.*i+ ~l(u-il\ i-i:lculatim .A i-l~;,~~t~~,.~~~~~l~r~i~~~ s;cl~c~uc is uwcl 
tit, tllr, tlt,tt,~ ~~‘i~~~i~~iou !,f C~III~W,~ ~lf~~i~iti~~: in thr nkwti. Tlliq is 

, ‘;$,1,f ibIll’ II,< (1 III I l~C‘I-c;b 7 Inztr~ad of multiplying tllr, 
/ l,‘L’g” ,:< ii<li\ ii\ ill, ill<‘liigC’ -SC Laity. the mrrmt i, rxlcdatc-tl 
il. ;r Cll,,, of I.llilrg<~. \\-!llS IL pa’;’ il “f 211 I\-~111 illirirlg 011e timr, 
1,11t y\itl Tjlt, fi~lti at tllr l,;srtjclc Iweitlcm is calc~tlatW1 ii.C i* 
\\tyl,tt rl ,Il,‘iLil <bf tll? fit Irl5 at ,l,<‘ih ],‘>,,llh WlliCli Hrr CO\.vY~~l 
la! -1,~ ~.li;r~j:,. ,.:<,11,1 ~~~l~r~.+~~.iml lry H 1”‘: ticlp. 

OIilJ ‘XT>, <,f tl1,. f;mr ~limnl~ll Pc~llntl,,Ils are IlWdCd ill ad 
YRlI(‘C’ tllc~ li~~lll-. 111 liLIl(‘. TIIP t)thcrs ~<II’ f;llfillad ini])licilly. 
G;iusi’ La:v i, ll>d ti7 r’rrl~ect ttlr, fir~luii wh(-ll cllargc is Ilot (‘(PI1 
\I~I\-PC\ 111 tllc, t r:rrt,~lt (.dClllatioIl. TS3 cflthcks thr x~slllt> c’rr’~-> 
frw- till,<, St<‘;“ 

The Simulation ofth.e_Hp_nqy Jjeg~m Gun 
for the U’ake-Field Transformer Experiment 

.At l)F,SJ- a hdl~~\z. h-am jiun was heIoIwri and tmtrd. 711~ 
plill ii ~lli\.<‘ll 11y il plllwi K;d:YAG 1. r,i<‘l‘ (wav?lfwgtll 1 .OCl/“” 1. 
1‘11t. iliilXlllilll,l c’*lrr~y 0 f thr l~wrpuls~ is 900 Ed. Tilr I~II,C 
e at 1,s ttlr [If t Irr vlcctrru~ Olin has a radius of 5.5 cln. Tllr r,lvc- 
t1,tii. ill<’ (,stIirctcd frs)m the cathodr* 1)~ tlrrrnuwlii wli5iiiln 
;tutl tlit.1 mi(8nic ~ul)lu~riid phoxoelrrtric fniission. Tlwn tll(, 
r~li-c-tritlli art ac.c.t~l(~r;~te(l 1)~ an applied high volrajp of ,,I’ tin 
140 k\. Tli~ I~~r~~it~~tlinal iillratlcm of the electron t~unch is 5 nh. 
tlle~ ~~~c~n\llrc~cl p;~;jk cllr~v11t 1~ a;)proxilnatrly 75 A. Thv fi11~1 
dii311~~~t~~ 01 tllfx 11r~llow loam. as :u~awwd, ih l(J ml nuti it i 
tlilc!ilim, i< 0 3 111m. mlc i-(yf~tilion ratr for flit- productiim of 
vl(~c~~tm l)ule, ill tll<s tvc! gli11 ii 20 Hz. 

t<-itll tllp I~articlc iI1 ~~11 COUP TSl! thr Cath(lde-Hllodr-CoIlfi- 
g,Ll atit,ll of thr ]~~~ll~,\r ‘,C.HIII ~IIII n-as h~~llulattd. The l?rlgth 
,,f thr >ilntlIatcrl part of th<, FJ~U 1s 7.5 ~111. III Figure 3 the 
];,\.clut elf II,P l~~,ll~~ tw;tlll CIIIL. a:, it we tcsstrri at DESI’ is 
&w III t1ir .iillrll;ttlr’ll. 011t 11ili1cl1 xvitll a p~o7il~oli~ shaped 
~“i!wlm~tli of :, lli x7-a i c~lllittr,fl radially frcml the-- rathotir~. 111 
Flg,lri, 3 tllr .iljlnl;ir,.~l c;,tliidq, ;:niidt. ci~r~fieni-atictrl with th? 
t~lvct ric fivlti is z-l~o\vu 111~ ceihricl~~ ic 01, the lrft. the a~~otir 
,,I! tile- :.iKljt l~;iuti il~l,.. 11, tllf, ~.alcnlatiou tllra lau11c11 is rmittd 
ultli at) luitiiil cnc’rgv of 10 (cV =Iftw ullicsi(m. tllr particles 
ilt(‘ RCCPIVT;~~N~ I,>- tllv ;llq~h~~l fivld. 111 Figure 1 the positions 
of tllc, (alt.ctrt)ll l,i~~lc-h. I~.pr~~bt.lltv,l 1,~. 30(N) 1ll;l~r~ll)“rti~lc.x. at 
(:vc~ rllifi.rrLnt ti~~wztrp. is*<’ cliowli 
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\I.#, v;irirsl thcz lwhk clir-rrrit of IliP f~l~~rtro~l pdst. 1WtwYYl 
: A at 70 kV and 75 A RI 140 kV ~)f thp accrlrrnting high 
xx)lt;iyc’ \\‘ith ii simul;rtc~d <‘111rellt rnt,nitor. 5 m*u ll~llirltl tile 
hncbd~. wv 0l~wrv~~d j~aral~cblic sl~xp~~i c:lrrrnt dihtril~utiollh wit11 
l)c-ak valut.\ idwt-:l 5 A anti 75 A. ‘The increasing kinetic cl,- 
“‘K!’ of iL1, c~lwtr.~m I~llllch, acc&r;itrd 1,y ihr fhld liet~vc~rn th? 
c;~tIlodr nr~ci +ht- ;LIILN~C. i:, i11ow11 111 F~gurl. 5. 

T11mi wc incwawti the cil;tret% 1)~ il filct<)r of two. Ah a :‘r 
>llll of rll<w ~~d,~nlat1rul~. IV,’ f\,iiml that tllr p,;,k c.111 rc’lit at 
the, ~II~c~II~~~~ of t11~ n1t,llitol- ~~c~c-~vaacd F<,r an apphrti vtrltaqc 
of SO k\- itut i:n initial yak cmrcn~ of 60 .A. thr yak curwut. 
wt~u tp? thr simulated rnouitor ti~~crrasrd to 50 A Thrs b:il~itl 
ratlo of Initial 10 final peak rurrrnt was found for a dolt itgr cd 
100 k\’ ;tnd 1DO A initial pak current. For an applied voItag<~ 
c,f I.10 k\. III<, fillal pcszik cr~r~cui i\ rrd~lccd 1)~ naarly 30 !t 
front 150 .A rc3 109 A Tll15 CRY 11v int+rp~-‘.tcd as an tffvct of 
ill? ipa“” I-lml~‘. fV1.1.<? 
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Flc:~w 1, Po,lf10:1 <If thv rtllittr,ci r1~~cir~111 lll11lch at tivrl illf 
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Fienrc= 5: Kiuvtic cn~rq (keX’j r,f 111? c~lctroll lr~lncli. ‘The 
;$p$lcYl i.t>li nyr I\ 140 k\ 

Arknowlrclgentent s 

TI:<, ;~t~tlrr,r+ ~~-1.1~ I<, tli;jllk S. 17-ipF for cmrflllly rf,:!cli~~v tllr> 
:Ili~IIlI:cril~t 
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