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Arcelerators in Applied Resea.rch and Technolog) 
- A report on the First European Conference. Frankfurt A/M, September 1989 

Hans Henrik Andersen 
Physics Laboratory 

H.C. Brsted Institute, IJniversity of Copenhagen 
lJni\rersitet,sparken 5 , DK-2100 Copenhagen 8. Denmark 

AHSTRAC’I 
l’he first European Conference on Accelerators jn Applied Kesrarcll ant1 ‘l‘rchnolog!, 
(ECAART 1) is rcportcd upon through discussion of a number of examples of the paper? 
present,ed in the conference. The main topics were Ion Beam Analysis, Ion Realn 
Modification of hlaterials and Development of Accelerat,ors for Industrial Applicat,ions. 

1N I’~iol)c:~“1‘Ios 

l’;iJt i&J iI< cclcrat,ors, as originally dt~vdolml for nuclear and 
‘),il tic,l(t physics rqerimcriti: !I;LVP f0111hl widi:sprcWl nsc in a 
iviclt, r,knqz of 01 he: fields of physics as well as for applications 
iI1 t.dlnolo~~ anr! mctficilw. hlanj, flemcnts of the 
1 rc lIll()l()gi~;tl tlcvc~lo;)rnent of aC( t’lcrat,ors C;tIIlC simIIlt,ai~cou~l~ 
f: f,j~r~ I II? (,1fs(,t ronics indrist rv nlld JCsIIlt (4 ill l,liC cmcqenc’c Of 
tt,c tricus~llissiori dcc~tro!i r~~ici-o:Wl)~ llwrly aisty )-Pars ago. 
‘I’l-is inSl,fllInrI~t mdv lx: cY)llsiiicWtl ;I pr010iyp~ Of all appli(‘d 
:I(‘( ~~l~~r;it~~ t.hc9r da>; 10 s~ich a tl6sgrcim of $(~lf--tvififWi~ t,llat it 
i5 i!(jl rvcn rt~(ntioricd ivhc~n applic~;d ions of accPlerat.ori arc’ 
[ii:< IIWYI. In t,h~ I8:,0’s a IIPW 1inp of d(~\.cIopInen1 start,cd. 
.I :irsc,ts foi- nurlcar I)hysics (~xporintcllt s Wre prepared 1)) 
i<ln -iilrpl;iilt at ioT1 in solids. O:I t.hr on(’ halid SuCh :I 
(Ii’\ c~lo1~111~~1Jl tit J~lii~ltl~~tl \‘i‘r>- v(>r5;ltilo ion s011rws utilizirls 
sol~l~~,~l icrltrd knowlcc!gf~ of atonii( phy$iW. 01: 1 hr: otht’r haiitl. 
1110 ,~-,-;kilaljjlily of liiv;+T~crgy actrit~rat~~l s tl~~IivCrill~ bC?;imS of 
‘i,J :11d11;,. :11Jy c~lc:JJJvot. iit tlJf> l)criotlic, s:~.?t.(‘t!l nl:itlC a vOr> 
1~1 m~;l:l rrlll;;(~’ 91 udv of atoilli(,--(‘cilli~ic;rl l)rorcssf?s pOssibI(~ alltl 
c~c~;it(~i t11q’ t,;i( kgrcnlrril for ioll itlll~l~~~llatior and iinHl:,‘ticnl 
II-i’,? oj‘ ;i(.((~ll’i.;it?)Is. l’hs tir~\‘t~‘c,l,lllc’l’t :viis tlf3c,rit)i~ti iI1 5onP 
ii:~l;lll I,\( I<. nrttlgt~ at lhl’ ~,lw<iolis I’l’:\i: ill ttolll(~ (I). 111 t,llc’ 

Iliil<‘(j ‘St,;ltf’; H St’l.i(‘S Of Ilif.i’l Jli~ti~lll~il ?I(JY’li’JatiIJ ~~~)llf~~l.t’ll( f’s 

ilii\ /’ l,CTll J’.llIIiili,~ fOT. JJJ811Y T’CiIYS. ‘l‘ll@ 1: I’.I( 1 c~r,Ilfc’l~c’llc~l? 
lY(‘i’C’ ~JJo~li~llc~i 0JJ i hew. Sin;iLirly, .J. ihgg;JJr lJ;iYc’ sirlcc l,liO 
f’:tr IL. l!);O’s or-s;lliiztYl ;; l)ja,~~J~lJal 3’1 it’s of confUWC(‘S iI1 
l~i’l;~~!ll, ‘I c:s;i‘l kllO\V~l dh tlv ” IkIll 011 C’ollfmw~ccs” 01 
“Su~nll-Ac,cplcr~~i,~)r (‘onfi:rcnW”. ‘l‘hcsc evcnt,s hr;e grOWI 

\(‘fi. l,ll gil and JI~YC t,hc:ir l)rocc>t‘dings puhlisl~~~d in Nuclear 
llisi: i,ltiCirts and hlt~tlrods, Sec’tioli 1% (2). In spite of t,hP 
<lxisl,rrlicc of a ni~nitPr of morti narrowly t,opi~aI confertnccs, 
sc:~IIi’ oi wliic,h s11;~lI 1~ nif~ntionctl Itc~lorv. a HtYYl was felt, for (I 
silliilx forr;ni: ~hcrc Riiropean sc,irntists working with 
;~]JpliC;$t,i(~]l’; of ai~c,(~lcrators c,ollltl 111cYt wit I: iI~t.rrf??lfVl part,ies 
~!,III~ intl~ist,rg antI r(WCir(.llPs iron1 firids o11l siclc t,hi, physiccal 
scic.l:( (1~ but rrtakinc uc(i of ncii+rator tcc~t!~iolOg~. flcilc‘e 1 tie 
firs1 E~lropra~~ (‘onfrrc~icc~ on Accc~lrr;itors iI1 Aj)l)llUi KCi~~X~‘ll 

;111rl ‘l’e(~lJrolo;y \YRS or,q+niw.I in I-‘raIJhfJJrt am hlain. FRG on 
S~q)tc~:~l~r .l-9. 193’3 a:~1 at i~:ndcti 1)~ approximately 230 
pari i(~il)i1llt? listwiry t0 23 pl~iary talks and scrutinisillg more‘ 
lliilll 100 tlrt ailed conlribut ion< im3c’ntcd mninly as post,rrs. 
‘I’lir l~rc0Pdings of I tit> conferrncc, have, apl)~~arc~d. as with 1 he 
1)(,11io11 (‘o~ifrwrrcf5, iii Nw~lv;ir Iiist,ruinrnt’: and \letlIotls. 

SIY t ion Ii. in nlay IWj (3). As t,lit‘ proctWiings arc ava,ilablc 
for ol)t;~illil~~ tlc~t.;iilixl ir~iorln;ilion, it is felt 1110rc ri~lc~varit to 
illll’l Lit? ttrr t,opics irc,;ll.ctl at, l.hP co:lfcrcYrcY~ bv Sor1IP 
c~~i~1nl~lc5 ratlicr t,lian presrwt~irlg R 1110ro di~lailcd list.ing of 
111051 of t,ll<l I)r“?(,“(,at,icinS. As t hc field is d rathW rlldtnre Onf’. 
sl~cti ;JII ;t;,proach is par.tic,nIarl> adcqaatc. IJcw tota.lly nw 
rc’.il:lt,s will appear blit, new tlai a adds rant illollsly to t ho 
1;11ci\;~1dg1~ I~:saniplcs arc t hc3>forc mosl,ly chosi~n for t,hc~il~ 
a’ility to illusl,ratr trctltls. 

‘I he t,opicS 0F 1,hc confer?ncf~ nGi,v bc gr0ulXYI nndcr the 
l~wlii~gs Analysis, hlxterials Modification and /\rcdCrTttUr 
I)r:vclopmcnt and examples will bc given within f3ach group. A 
inI:7ilpr of plK’i‘s 11&d elements \vitllin diff<lrcnt grciilps. QuiW 

of’l<‘l! papers mainly conrcrned with analysis actually 
invcst,igated samples nlade by ion implant,ation, dcvelop,I~~nt 
of nuclcitr microprobes and synchrotron radiat,ion facilities 
\y(q’ ~lla,tlc I,o creat(‘ ~~Jl~lyti(‘iii I)ossihilitics alld IXIpCJS Oft,?11 
g;+\-i‘ such applirat,ions as illnst,rat ions et Wcra. 

i\NBI,\r’i;IS 

Ion Ikani Aiia.lTSis 11133 bc tli~finrd very broadly as lhr 
twhllic~ncs uti1izln.g for analyt,ic;il purposes the ScYY~ndal:y 
radia.t,ion emitt,c‘d whc~ sa.mplrs are boml~ardcd with rncrgetlc 
charged particles. Gsual!y, only prompt emission is considered 
under that heading, i.e. charge&pnrl iclc activation analysis is 
not included. Olhcrwise, elert,rons as primaries may bt 
inilrltld hcricf crnbracirt, 0 tcc‘tillicjllc3 like: elcct,ron mirroprobc‘ 
anti Augc,r analysi?. Simdarly, x--ray fliioresrence, particularly 
induced through synchrotron radial ion, is oft,en tzeated under 
suc,h a heading. ‘l’ht: strictly ion induced tcchniqrm 11avc t It<lir 
o\vn confcwxce xxii3 like thr 1011 I3cam Analysis (1IU.j 
c~~~if~~-cw~~s (1) and confcr~nc~c~s 011 Proton lnduci4 x-la? 
Enliisiori l,lSXj (5). ficcclnt,!y rcglllar l,csf,books have also 
aplwarctl 6.7,s). A I~rcrequisiW [or performing In.4 is that 
uuss sections and energy loss (stopping powrr) data art 
;iv;iilabli~. Such informalion was prrsc‘nt,rYl 011ly to a. very 
liniitcd PXkllt in Frankfurt. .Aparl from at t,hc 
;cl~ovc~ne~~tiorIctl ror:fcrcnccs (4,5), pari,icuIarly cncrgy--loss 
information will I,0 il largrt t%tclJt, tJC pWsentcYl at tlic IJ~FiJ-iIllIZ3l 

c,onfcrcnce on .4tomic Collisions in Solids (9). 
The first exaniple will be drawn front a srrirs of papers 

from t,hr (:ijttingt>n group ( IO, 1 I ,I 2). The surface ha.rdncss of 
st,ainless st,ecls .and alurniniunl-rnagn~s~~~n~ alloys rr~ay bc 
inlprovctl by applicat,ion of a. thin layc,r of titaniunl OI 
titanilim nitride. It is often a problem to get suffiricnt 
adhesion between such an applied layer and the substrate. One 
method t,o improve adhesion is t,hrough bombardment with 
heavy ions of a range somewhat larger than the film thickness. 
liadi;ition thnage at the interface gives rise to an atomic 
mixing both through direct, recoil implantat,lon and thi‘ol$l 
radiation-enhanced diffusion. Here, XI-300 111n Ti and ‘I’iN 
films were irradiated witti 80-700 ktV Ar, Kr and XC ions a.t, 

doses up to 2.1 x 10 17 
IoiJs/cIn2. Ont question is hcrc what 

happens to the nitrogrn in the filnl. This may b? probed by 

t,hc resona,nt, i~uclfar reaction 15 N(p>c# C at, 429.57 keV. 
I’rotons impinging, at the resonant, energy will induce the 
reaction at the target surface. If they impinge at higher 
energies, their energy loss will ensure that they reach the 
resonant energy at larger depths. Hence, knowing the stopping 
power allows to convert an energy scale to a depth scale. An 
esample is shown in Fig. 1. It is seen that the front edge, 
which is considerably steeprr than the back edge, remains 
const,ant, during Kr bombardments. The back edge is less steep 
due to energy straggling of the probing beam. For larger 
Kr-lazes, the back edge is becoming rven more smeared due 
to the sought-for ion beam mixing at the interface. 
Sintlltt,nneollsly, the total Iaycr thickness decreases due 
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Fig. 1. I{r~soriant I~uriPar rcaci,ion scan of the dPpt~l1 

dist,ribut ion of I5 N 111 a 130 nm TiN film 011 s*,ain]Cs:: 

steel aft,cr tmmh;irdrnrnt wit11 3.6, and 11! tillic’s LO 
I6 

4~0 kr\’ I;~ iOIls j,cr cn12. ~~~~~~~ d. :3, ll:i,~f’ IO). 

to krypton sput,tering of the filnl. l‘lre sput,tr:ring yield may lx% 
d~tlucrd from the decrease in the total number of N atoms 
with heavy ion l~ornhartiln~ilt. Sinri1a.r information rnav ill%> lx, 
obt,aincd from l)roiori-illiluccd x-ra\- emission (PI\ti<) of ‘l’i 
1 ref. 12) or Rutherford Rack S(,at,tering (Rl3S) analysis of tlw 
~mbcddcrl heavy-project ilc atones (ref. 11 ). Sputtering ClaI ;r 
arc important. to estimatr the tiiaximuni nllowablc dose for ior! 
bcwm mixing of a thin filni. I’hcw n~ca~urcmcn1.s niceI), 
ilustratm tlw interplav bctwcc7r ion lxarn analysis and ior: 
bcarn modificat,ion st ncih 

The same WSOIL~I~~~ rc’ac tion 1x1;; IV WXY~ for liyrirr)gc~. 

depth profilling if ii 15 N probing bcarrr i:i utilized. 7’11is is 
illirst.rat,cti bv a stutlv of r,lc~ctroclirorliic cffi~9s ( 13) 
P:lcctrochro:ni; lrillll ii;;-& systi~111s ;ir(’ configurations ;rsitlq 1.11c 
&xtrochr.on~ic r:ffWi f0r conlrolliri~ rrflrmllcc 01 

transmit tancc of optical tlcl.ices. l’hc .4x3~rbancc of tliesr 
s>-srtmiis 1ii,1v 1~ changt4 by applying an i9Acrrial ~Ita;c (11 
.,hc order of’ I \~. Either W0,1 or Nitis is uWt1 as t11e c~oloring 
rirxt,crial for inst anc’e for so-< alit4 “striart, windf!\cs” \‘i.l147x~ t lrc 
transmit tarice of sllrllight Inay 1x1 rt~gl1!;ilrtl il( cc~i~ciiri~ t,o 1 IIt, 
t,imc of the day or year. The origin of t ho effect is usually; 
~onght in a mechanism, where the oxidation state of the metir. 
ion in the electrochromic layer is changed through injection of 
hydrogen in the metal oxide. Ilydrogeu profiling of the systc~rls 
yielded a satisfactory agreement with model calculations foi 
NiOx brlt not, for WOS3 where t,hr conccntrat~ion rha.ngrs w~c 

less than expected. If the probing btnm is focussrd suffirientl,? 
well: thrmlimensional informat,ion may be obt.ained. This IS 
illustrated by a study by Mathot, and Demortier (14) 01 
grainboundary diffusion of silicon in gold. 100 rim silicon filii2% 

were deposited on gold foils maiiit,aintd at ,lOO°C to allow 
diffnsioii. ma silicon is profiled irjth a dt~utrrnri bcanr ntilizing 

the esornergetic ‘-“Si (d,p) ” SI react ion. The tlctttfton beam 
wa.s focused t,o 5 Im and t,hf sample moved over t,hc focnsctl 
spot.. Energy analysis of the ;xotons emil,t,cd iii the forward 
directCon gave depth infortnation as displayed in Fig. 2. It. is 
clearly setn that the silicon penetrat,es along two4imensional 
features in the underlying 16 pm gold foil. 

The channeling phenomenon, i.e. the decrease in 
small-impact parameter processes when t,he 1rrobing beam is 
incident alon close-packed directions in single crystals may 
be utilized P or a number of purposes. l’art.iculariy the 
reorganizat,ion of surface structures and lattice vibratrons as 
well at the surface as in the bulk may be studied. The lnost 
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spwt xuldr rt’( (71 t, trc5ltlt :: of I Iii-: sort of rc5csarc,h is lilt, 
invcsl,i,$at,ion 1)~ t,lic hr~rrot~rie grOil[j of 1x1 lice vibrit:ions iri 
Ylh,( lL+L 

1-X 
('rySl,iliS (1.5). :lt IlIP ,suprrc IIII(IIIU ifir: 

t~rarisit,i0n trwipcraturf- a St qr in l,liv lat,iic,t, b-ilml iota c)C t liti 
(‘tt--0 (but not, in t,he I’-Ha) stri:rgs is I;)urltt indic2iin:2. soinc 
i,r,trisition t,o a softer- vibration rnoc!c. This rc~snll r$\‘c‘> 
illlpO~tillll (‘Ill<+ tt> 1 tl? ir~c:c*harlisni of s~~~mn-~~~tl~~cl ivil J’ in 
hishTc c cvamic. rmwri;l!s. !\ll,llollrll 1 IlC rcstili \r;;i:: 1101 

forir,ally l)rcx3t,ctl (but (crtninly discussed) at 1 llf, lCr,irrkfnrt 
mi11;~1~~nw. it is mentioni iii7.e to iiic!ic ,ri r’ t II*> lrowc’r of t Ii<> 
NnS-i,liari~ic~licg invt,stig;ltic,lls.’ 

Anot her important application of ~li~intir~liti,e, 1 ix< hliiqw: 
if for 1 II? stt~tly of strain in si~iriico:itlrlc lor l~rtc~~~c~~i~~:~~tu~~~~ 
growli by Llolcctiiar I3rinn l~;pit,asy (>lRl<). At t,hc ronfercnce 
the Philips group pt~c~srntctl s:lcli sttidics 03 Si/SiiPs(:es/Si 

l,ttgihts (lb). ‘1’1~ tliffcrcnc~c in lattic,t‘ (orlst ant 1wt.\vcw llW 
1.wo materials gives rise to str,lin (defornration from CL t’ttbic~ 
l;rtt,i( i’ t0 2t t.~‘t,l~ilOOllitl Oll~‘l that Iliad llb, <lPtWPtl lJ! 
channeling. InrcrtlifLior~ rela’xcs t,hc s1 rain arltl lic,:~rc hl:(.li 

diffusion cffect,s may also be st tttlird I>? the channeling cffiW 
Siic,h invcstigat,ions dcniantl T’crv high resolution ang~ilar scans 
XI lx pcrformrd. The obtained result,s ~liow good agrerrncnl 
wit Ii Monte (:arlo SimulatCons of t,lic prolring-bcarrr behaviour. 

IIigli-precision analysis demands all cross sections as 
wc~ll as the detcci.or gc~ornetry and efficiency 1.0 he known or! 
accurat,cly. Furt,hcr. ii is not stiffiricnt, that currents may Ix‘ 
measured reprodncihly, absolut c precision is demanded. A. 
large anlourtt of srtch diffirulr,ies may be circumvented if gootl 
standat~tls are available. llic (‘IK Cccl IaboratorirY liwv(~ 
invested a considera!-+ effort. in preparing and characterizing 

surli st,andards (17). ‘l’hcy c.ll;tr;lc.t,c’rizf,cl e.g. thin l ltli,g/cnt2 I 
evaporated gold lavcrs. The awragr thicktress rtmainctl 
constant (as determjned by \Gghing,l within 0.03% over a 
period of i5 years. Fig. 3 illustrates. however, that if such 
samples are used for standards for RBS measurements, local 
variations in the target thickness map give rise t,o a further 
unccrtaint,y of 0.6%. As the ratio between RBS cross sections 
of different target elements is known with high precision, such 
standards do not only apply to sl)ecific t,argct, mat,erials. 

Ion beam analysis demands apart from accelerators also 
d~i.e~tors. For RBS analysis, energy--dispersive detectors are 
necessary. These have either a relatively poor energy 
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f? HS analy4i~. ‘1’111> spot, size is 2 mm it, di;tm~lPr. ihi> 
dist atiri 1Y~twrrY~ll S])OlS 1% 111111. (I’mI I.F’f. Ii). 

:WI\:II ion (sctmiconduct,or surface-barrier dettctors,l or cover a 
~.-1~r,l stll~tll solid ilIlglf2 (electrostatic or magnetic 
s;l”‘(,t rom&W). It is hence very exciting that bolorimetric 
lx11.i iclr tlctidors straw sigt~s of bein, c able to tX%ch resolutiolls 

~~tl,st ,~iiri:illy l)rt,tcr t,lt;ttt 1 l~osc~ of 4c.ttti~ott~lii(.Lor ottcs. SuC.11 
tkt o( r ors Gre first, used for charged--particle detcct,iott 1~) 
(‘01 011 ttt .;rl. ( 18) Although t,hc cttcrgy resolution was 
si)ltlt9\.lInt poor0r tltdn tltcn sttrf’act liarricr dcttWorsj a v(‘r) 
li~gli wsolu~ioti was predicted. This was lat.rr Shown hardly t0 
1~s theorctirally fcasihlp (IClj but an cnr~-~y resolufion of tltc 
OIHIC~ of I keL’ for hfeV prot.ons and helium ions should st,ill be 
i’cl;lsil)lc. Such dct,ectors would mean a subst~ant~iable increase in 
t I:r’ tlq)t11 rcasolrtt iott of RBS. At t,lttx confrrencc, the Jiilich 
~~ocp (20) presented results for as well a silicon bolometcr as 
for ;q c’op1~‘t’ l)olotuPter witlt a silicon t,hertrtottt~%tr. ‘I’Iw 
tlc,ti>c 1 us id piaccd at t,lit LW~ low temperaturf of 0.15 I(, 
v;i~c~rc, lieat, c,ap;i.cil its arc small a:id lhc sensitivity of 
i(‘lllii.(iti(lll(.tIlI t I1rrmomCt~rs vprr ltiglt. Fig. 1 shows an li.t%S 
s])pc t j_ tttt 1’rot1t n ‘l’n/(:r snt!tiwicli oti ill1 Si backiti~. 
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Fig. 4. RHS spectruttt or a 200 kcV He beam scattered 
from a ‘I’a/(‘r sandwich on an Si backing. The spectrum 
was measured with a. copper ott silicon Mometer at, 
0.2s 1;. The full line represents a model simulation of 
the encrg,v spectrum (From ref. 20). 

‘I’he trtodel fit indicates a resolution of 9.5 keV. With the Si 
bolometer a resolution of 8.0 keV was reached. For hydrogen, 
the energy resolution was similar but for 320 keV boron ions a 
substanttal deterioration was found in agreement with 
theoret,ical expectations (19). 

Walter Kutchera (21) reviewed recent developments in 
accelerator mass spectrometry, which offers the promise of 
measuring stable/radioactive isotope abundance ratios of the 

order of 1016. The most wellknown isotope studied by such 

techniques is ‘4C. Routine dat,ing of very small samples have 
been made for more than 10 years. Nevertheless, the recent 
dating (22) to medieval times of the shroud of Turin was a 

111edia event. Also lo Be has been used extensively patticttlarlj 
for geophysical applications such as plate tectonics studies. 

Other isotopes used are 26A1, 3’Cl, 4’Ca and 12’I. This is 
only a very stnall selection of the tnore than 100 isotopes with 
half lives longer than 1 year and lots of possibilities certainly 
lie ahead. Also this analytical technique has its own conference 
series (23). 

TON BEAhl bI@lHFI(IATlOK ()I1 PIIA’I‘IIRIALS 
As has already been tnentioned above. relatively low energy 
iott beams may be used to modify the properties of 
near--surface layers of materials (24). The well&established 
application is for ion i.niplnntal,ioti in semicottductors for 
ro’tl ittc fabricabion of VLSI circuit,s. I)opanls like boron ot 
1)ltasl)ltorus are implatttcd with energies up to a few httrttirctl 
Lc(~\~. A mom rPc(W dc~vciopnicnt is t,hc ltsc of lrighcr (III) to 1 
hIi:\‘) itnplants, particularly of light ions 1ikP carbon and 
tlitrogett t,o form buried compound layers of e.g. Sic!. Si02 or 

Siii. Swh st.ttdics wcrc tqortcd upon 1)~ I<.G. Stephens (25). 
AU csample of evidence for fortttation of such a layer is shown 
~II I~&,. 5. 200 kcV carbon is implanted itti,o siiirott. IT, is seen 
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5 

t,ltiil, stoichiomctric SiC is not formed, but. this may bc 

aclrictved through 20 hours annealing at 13OO’C. Rather high 
itttplantation fluences are needed in contrast to semiconductor 
doping. Even larger fluences are necessary to obtain significant 
wear and corrosion improvements of metal surfaces as repot%ed 



by one of t,he pioneers of such applications, G. Dcamaley from 
Harwcll (26). Particularly. VFW high flucnces of nitrogen anti 

roverages‘ ot large areas” arc &ce&ary. Hence the n&d fol 
suecial hirrh--current machines as dcscribcd below. 

A Ytotally different sorl of materials modification was 
treated by D..J.S. Findlay from Harwell (27). He discussed 
applications of ph0tonuclca.r rcartiotis in crencral a.ntl the 
necessary equipment to supply the p&ton fluxes. A 
particularly interestin application is the incincral,ioll of fission 
products (through (y? f ) reactions) and actinides in rZdiOilc‘t iv(’ 
\satr: (through (?,n) reactions). Althoug,h sufficient phot.n~~ 
flilsc5 arc not yet availablr. very irlirrWlr:g pcr‘sI)cc’t,ivcs i?ri’ 
raised by such proposals. 

iXII\V BEA~lS AN11 ACCILlSlU’I’Of~S 
Chic of tlw nios:. rxcitiIig developments in rccc111. J-ears on t 110 
t:ql~il)n~ent side is the emergence of the ion mic~roprobc~: lo11 
tams arc focused to submicron sizes and used for analvtiral. 
litllographical 0:‘ irnl’laiita.tioii-~rit,iIig purposes. The prTncil&~ 
it illustrated in Fig. 6. Obviously, a hiSl’-l)riRlrt,ricas ion souri’{’ 
will t)c needed ta) achicvc sufficient illuminnfiim of the tnrgct. 

Fig. 6. A comparison between light (a) clcctron (1)) antI 
ion /cl focuaine svsti‘ms. In each case the radiation I I c, . 

emerges from a source to the left and is coiiccnt rat+?d 011 
a defining aperture by a condcnscr syst,ern. ‘I’hr focusing 
devi(,es used arc glas? lenses for light. nMir;nct i(, solcnoitl 
lenses for elcrtr?)ns and quadrupolc lcns:lls for ions. 
(From ref. 27). 

Note that solenoid lenses, like thosf’ used in t,hc’ 
transn~ission~lectron microscope, are not. sufficiently st,rong 
to foclls an h4rV ion beam. Kurt Traxtrl from Heidelberg (28) 
discussed the technical problems involved. particularly t,hc, 
aberration of lens systems, t,he const.ruct;on of the object 
ap(Jrtcre altd the position and construction of scanning 
systm~s. whiicx Grrlff Grilw auf1 Frank Wat,t (ZS), among 
others. illustrated the state’-of-art, in applitation of the 
iiistrurtients. The ~0n~01~sus was that u9r~ful hr;ims wit11 a SiW 
cif I).‘, /in1 have no)+- been achieved. 

Allother exciting dcvcloprnent is t,aking places wit,11 t 11~ 

appcarauce of well-&fined e+ -beams of low intensity (XI). 
For standard measurements of positron lifetimes in Soli”ds, thP 
start signal for the clock is the gamma quantum emitted forlrl 
111c ~ou~cc together with the positron. As the detection 
efficicncv for these gammas is very low, lots of spurious 
coincid&ces occur. If, instead, the positron!: arc focusscd alld 
accelerated to some hlcV. they may be sent through a thin 
foil, where emitted secondary electrons are used as the start 
signal. \Vith such a system spurious coincidences n~ay to a 
large extent be avoided and the time resolution bc pressed IL! 
100 I’S. 
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Large-current accelerators arc 1rms1~ conveniently buill 
as A(: machines. R.W. Thomac (31) discussed RFQ machines 
and thr MI)QIJAI,AC concept shown in Fi:;. 7. This is a 

1 u ’ b 0 pliinp I 

Fig. 7. The experimental setup of the hlEQUAL.4C 
experiment. Four N+ beams are ext,ractetl from 
amulticusp bucket source and transported by the 
bunching system to the 25 MHz cavitiestors in \vllith 
the part,iclcs are accclcrat~cd to 1 Me\‘. 

ill:ilt,ibeam systenl. here shown in a four-bean1 version ‘l‘llr 
acceleration section is a linac with stat,ic quadrupole transverse 
focusing. Lots of parallel beam, c may be assembled but, in the 
present four-beam version, G m.4 6 trogen at 1 Me\ may be 
achieved. Such systems will be neccssapg’ to make surfac? 
treat,ments of large machine parts as mcntmned above. 

COKCLUSIONS 
The first ECAART succetled in bringing together a substantial 
fraction of the European scientists using accelerators for 
applied research. It is expected that the scrond conference, lo 
take place in Frankfurt in September 1991, will draw 
substantially more participants, hopefully with a stronger 
rel)rcsent,ation of users from the industrial side. It is further 
cxpccted that ion beam a,nalgsis will have a less promincut 
role than at the first conference and that work with electron 
bcaiins will be more strongly represented. 
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